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Background: Patients with cervical radiculopathy and carpal tunnel syndrome result in significant medical
and occupational costs annually. Thereisa need to establish cost-effective, reliable, and accurate means
for the diagnosis of both conditions. The purpose of this study was to determine the reliability. diagnostic
accuracy. and predictive validity of items of the clinical examination used for the diagnosis of cervical
radiculopathy and carpal tunnel syndrome. Methods: Forty-one ferales (mean age 44 12.5 years) and
40 males (mean age= 45.0  11.4 yrs) received a standardized electrophysiological examination of their
affected limb. Patients received a diagnosis based on their presenting symptoms and electrophysiological
examination. Two physical therapist raters, blinded to the results of the previous exam and suspected
condition., performed a standardized clinical examination of the same limb. At six-weeks. all subjects were
mailed the same self-report forms initially completed at the time of enrollment. Results: Thirteen subjects
(16%) and 31 (3 8%) subjects were diagnosed with cervical radiculopathy and carpal tunnel syndrome.
respectively. The following levels of reliability were found for 54 different clinical examination variables
assessed in this study: 9 were Excellent (Kappa >.75), 33 were Fair to Good (Kappa= .40 - 75). and
11were poor (Kappa <40, ICC <.75). Twelve test for cervical radiculopathy and six tests for carpal tunnel
syndrome had acceptable Likelihood ratios. Only question number 7 for cervical radiculopathy had a
definitively acceptable Likelihood ratio (6.5. 95CI= 2.3 - 18.0). Seventeen surgical predictors had
acceptable Likelihood ratios. Based on patient global rating of change, 12 predictors of worsened status
and 18 predictors of improved status for non-surgically treated carpal tunnel subjects had acceptable
Likelihood ratios. For each diagnostic and predictive condition, a single test-item cluster was identified
that would produce post-test probability changes in this sample of subjects that ranged from 23% to 69%.
Conclusion: The majority of test items in this study had acceptable reliability. None of the definitive
LR+ values for individual tests or test clusters had a lower bound that would result in post-test probabilities
larger than 33%. More precise estimates are required to establish the diagnostic and predictive validity of

clinical examination tests for cervical radiculopathy and carpal tunnel syndrome
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1.0 INTRODUCTION

This multi-center, prospective, diagnostic-test study proposes 1o evaluate the efficacy of
commonly used clinical examination and patient self-report measures to diagnose and
predict outcome in patients with suspected cervical radiculopathy (CR) and suspected
carpal tunnel syndrome (CTS). This study will also evaluate the efficacy of these same
clinical examination and patient self-report measures to predict patient outcome at 6wks.
Individuals with suspected unilateral CR and suspected primarily unilateral CTS will
undergo a standardized electrophysiological examination (EMG/NCS) of the affected
upper quarter. Following the EMG/NCS examination, patients will also undergo a
battery of clinical examination measures and patient self-report measures which will then
be repeated by a second examiner. Patient status will be determined at 6wks by a mailed
questionnaire that includes a global-rating of change scale and asks the patient if they

have received surgical intervention. The specific aims of this research are the following:

1. Inter-rater reliability: clinical examination measures commonly used to evaluate
patients with suspected CR or with suspected CTS will demonstrate good (K=.60 - .75,
ICC=.75- 90) to excellent (K=>.75, ICC= >.90) levels of test-retest reliability when the

same patient is evaluated by two different physical therapists

2 Test Diagnostic Accuracy. individual items from the clinical examination measures
and patient self-report instruments will demonstrate acceptable diagnostic accuracy
values (Sn or Sp = .70 or LR+ > 2.0 or LR- <.50) for their respective condition (CR or

CTS) when compared to a neural impairment reference criterion.

3 Test Predictive Validity: individual items from the clinical examination measures,
patient self-report instruments, and the EMG/NCS findings will Jemonstrate acceptable
diagnostic accuracy values (Sn or Sp = .70 or LR+>2.00orLR-< 50) for their respective
condition (CR or CTS) when compared to a patient outcome reference criterion.

4 Test Item Clusters (TIC): an optimum and parsimonious cluster of test items from the

clinical examination measures and patient self-report instruments will be identified and




demonstrate acceptable diagnostic accuracy and predictive validity values (Sn or Sp > .70
or LR+ > 2.0 or LR~ < .50) for their respective condition (CR or CTS) when compared to
a neural impairment reference criterion and when compared to a patient outcome

reference criterion.

2.0 STATEMENT OF THE PROBLEM
This section will cover four topics: 1) the impact of CR and CTS on society; 2)
reference criteria for CR, CTS, and patient outcome; 3) diagnostic tests considerations;

and 4) critical appraisal of existing of clinical diagnostic test technologies for CR and
CTS.

2.1 The Impact of Cervical Radiculopathy and Carpal Tunnel Syndrome on Society
and on Diagnostic Decision Making

Patients with neck pain and CTS a;'e frequently encountered in primary care,' physical
therapy,l’2 and a variéty of medical specialty practices that include orthopedics, physiatry,
neurology, and neurosurgery. The prevalence of neck pain has been reported to range
between 16-18% fér the middle aged population and approximately 10% of the
population will develop neck pain, with or without referral of pain into the upper
extremities, during any given month.? Estimates of the number of people who will have at
least one episode of neck pain in the course of their lifetimes range from 33* to 50%."
Although the exact number of patients who develop chronic neck pain is unknown, there
is some evidence that it may be substantial. Thirty-two percent of patients in a large,
prospective study were noted to have moderate or severe neck sympfoms at a minimum
10 year follow-up period.” Cervical radiculopathy, which most often occurs as a result of
irritation and compression from a herniated cervical disc or oste:ophyte,6 is but one of
many possible disorders that can give rise to neck pain and disability.”® However, data
related to socioeconomic impact of neck pain as a result of CR could not be located.
Because CR is thought by some to be one manifestation of neck pain resulting from a
degenerative continuum, ® the pain and disability specifically attributable to CR may be

considerable.




CTS is the most common nerve compression disorder of the upper extremity with
reported prevalence rates ranging from .1 to 2% in the US populationg'“and affects as
many as 2% to 15% of workers in high risk industries.'? In addition to the frequency of
occurrence, CTS treatment complications and the percentage of patients with recurrent
symptoms are sobering. Approximately 200,000 patients undergo surgical release of the
volar carpal ligament annually.” According to Mackinnion’s review, 7%-20% of these
surgically treated patients fail to obtain relief'* and the percentage of patients who

experience a recurrence of symptoms after steriod injections into the carpal canal ranges
from 8%-94%."

Cervical radiculopathy and CTS can produce similar signs and symptoms that make
distinguishing between the two conditions difficult ®**!%!! These signs and symptoms
may include pain, sensory disturbances, and weakness of the upper extremity.'®"” In
addition, there is evidence that a small percentage of patients with these symptoms are
affected by both conditions concomitantly.'®** Due to the similarity of presentation in
patients with cervical radiculopathy and CTS, many of the same examination measures
are often used to evaluate patients suspected to have either condition. This is done in an
attempt to differentially diagnose or discriminate between the two and thereby "rule-out"
one condition or the other.'%*"# However, unless the diagnostic properties of a given
test or measure are known, differential diagnosis and informed decision making cannot
occur in a quantifiable and interpretable manner. 221212 Unfortunately, the
diagnostic properties of tests and measures used for the clinical examination of patients

with suspected CR or CTS are largely unknown or not well establishecli.25

2.2 Diagnostic Tests Considerations

Advances in technology and the availability of sophisticated laboratory tests have
increased our diagnostic power for certain disorders. This selective increase in diagnostic
power and reliance on quantitative diagnostic tests have led some clinicians to view data
obtained by these procedures as “hard”, or objective, and data obtained from the clinical

examination as “‘soft”, or subjective.




This viewpoint has led many clinicians to rely on clinical laboratory tests for establishing
a diagnosis. However, data should be judged by their power and not by their

24pp.19-21
appearance.>*”

It is clear that both CR and CTS can result in a substantial amount of suffering and
disability. In addition, both conditions result in significant medical and occupational

9,26pp.10-11

costs annually. There is a definite need to establish cost-effective, reliable, and

accurate means for the diagnosis of both conditions. Aside from accessibility and
ecomomic considerations, these tests would be even more valuable if they were useful for
predicting patient outcome. The effort required to develop and identify such tests is
formidable: appropriate research methodolo_gy must be employed; an adequate gold
standard to determine presence of condition and patient outcome must be identified; and

diagnostic test properties must be reported using metrics that allow for quantification of

test results and their probabilistic interpretation. .

The clinical examination, which consists of history, physical examination, and manual
test procedures, is once again increasingly relied upon in this era of medical cost-
cutting.27 There are four purposes or activities for which the clinical examination, in
particular the history, has been shown to be a an extremely powerful tool. ***° These
four purposes are: making a diagnosis; ruling out diagnostic hypotheses; identifying
disorders in early stages; and establishing a prognosis.’’ Indeed, with the exception of
patients suffering from endocrine and alimentary disorders, information obtained from
the history alone has been shown by several studies to be sufficient for establishing a
diagnosis 63- 88% of the time in patients seen at outpatient medical clinics.*>° The
physical examination of the patients in these studies provided enough information to
establish the diagnosis in most of the remaining cases and routine and laboratory tests
contributed to the diagnosis only in 3-14%.% The ability of the clinical examination to
predict how patients would be managed produced similar results.”*** Another example
of the diagnostic power of the history is a battery of four specific questions called the

CAGE which are related to drinking behaviors. This particular battery of questions is




more sensitive and specific than any laboratory or physical examination finding for the

diagnosis of alcoholism.*?

Despite the demonstrated value of the clinical examination, investigations of the
precision and accuracy of the clinical examination have lagged behind similar studies of
laboratory tests.>' Sackett gives five possible reasons for this: 1. Such investigations are
challenging to design and arduous to execute; 2. Clinical diagnoses seldom reside in a
single finding but rather are usually derived from a pattern or cluster of findings; 3. A
lack of interest by clinical investigators in true clinical research; 4. Pecuniary interests in
high technology research; and 5. Belief by many physicians that the “art” of diagnosis is
incapable of being elucidated and defined by scientific investigation.’' Recently there
has been a renewed emphasis on the clinical examination. The Journal of the American
Medical Association now publishes an ongoing series of articles entitled “The Rational
Clinical Examination Series” that is devoted to research of the clinical examination.”’
International groups have also been established whose goal is fostering research efforts of

clinical examination procedures by providing information and a collaborative forum for

clinical investigators.”

Very little high-quality research has been reported regarding the diagnostic properties of
specific clinical examination procedures for patients with disorders of the neuromuscular
skeletal system. Despite the numerous text books devoted to the description and
application of diagnostic tests for neuromusculoskeletal lesions,****?* descriptions of the
diagnostic properties of the tests are almost uniformly omitted.>® However, the
lamentations over the current knowledge fund and calls for research ring hollow when
there is no plan.?’ This study will assess the reliability, diagnostic accuracy, and
predictive validity of several common clinical examination measures and patient self-

report instruments used to evaluate patients with suspected CR and suspected CTS




2.2.1 Levels of Efficacy

The primary purpose of diagnostic tests is to provide clinical information which can
discriminate among disease states and thereby improve patient management.”’ However,
other purposes of diagnostic tests include screening asymptomatic individuals for disease,
monitoring the course of a disease, and establishing a prognosis.’”** Fineberg has
proposed a hierarchical approach to the assessment of diagnostic tests’ that has been
expounded upon by Shwartz*’ and Deyo et. al.** This hierarchical approach consists of
evaluating diagnostic tests at different levels of efficacy. These levels of efficacy are
categorized as technical, diagnostic, therapeutic, and outcome and are described below.
Technical: Refers to the ability of the test procedure to demonstrate adequate safety, be
accessible to patients, and have reproducible results.** Inter-rater reliability is one
measure of a test’s technical efficacy and is a pre-requisite for establishing test validity.""
Diagnostic- Diagnostic tests are utilized to determine the presence of a target disorder in
either asymptomatic or patient target populations. Diagnostic accuracy is usually
assessed by comparing a test’s results with those of an external reference standard.® The
external reference or “gold standard” used for comparison is the most accurate and
appropriate method of determining the presence or absence of a target disorder and is
usually costly and/or involves a moderate to high degree of risk.*** Therefore, clinicians

utilize diagnostic tests that are less costly and involve lower risk but are still effective.

Therapeutic & Outcome- These are the highest levels of efficacy for a diagnostic test and

arguably the most important. A highly accurate diagnostic test is no guarantee that the
test is useful. The true value of a diagnostic test is the ability to determine a course of
treatment or predict treatment outcomes through its application.:"”3 % Another aspect of
outcome efficacy is the cost effectiveness of a diagnostic test in comparison to alternative

diagnostic strategies.*’

The technical and diagnostic levels of efficacy for tests and measures included in this
study will be assessed. In addition, follow-up data collected at 6 weeks will allow an
approximation of the outcome level of efficacy for the tests and measures assessed in this
study. None of the diagnostic tests for CR considered in this study and only a few tests

for CTS have been assessed at the therapeutic or outcome level-of efficacy.



2.2 2 Research Methodology

The most appropriate research study design for an investigation is determined by the
question being asked.*> For example, the randomized clinical trial is considered the
paragon for assessing the effectiveness of a treatment.*® Similarly, optimum
methodological principles have been proposed to assess the efficacy of a diagnostic
test.*** There are three basic considerations when assessing the diagnostic properties
of a test. The first is the gold standard or reference criterion to which the test in question
is compared. The second is the spectrum of patients to which the test is administered or
applied. The third and final consideration are the procedures used to control bias. Each
of these considerations will be discussed below. ,

Gold Standard- The gold standard serves as a reference criterion by which properties of
the diagnostic test in question are determined. Although the gold standard is more
accurate than the test being compared to it, is also usually more costly, more time
consuming, and involves more risk to the patient;”® hence the need to develop a simpler
and less costly diagnostic test that can accomplish the same purpose with minimal loss of
accuracy. Procedures that define anatomic and physiologic abnormalities, including
surgery, are often used as gold standards.* Other less conventional gold standards
include expert clinician opinion and clinical course or outcome.*’*® All gold standards,

no matter how good, have some degree of imperfection®”**

and what constitutes the
single “best” gold standard is often the subject of much debate.*® Resolving these
dilemmas may depend on the intended clinical use of the diagnostic test being assessed
and the best available standard may often be “silver, bronze, or tin” in hue instead of
“gold” ¥

Patient Spectrum- This term refers to the range of features found in the patient sample

used to challenge or assess the diagnostic properties of a test.** The pathologic, clinical,
and co-morbid components of the target disorder must be considered when assembling
the patient sample that will be used to assess the diagnostic test being evaluated. The
pathologic component refers to the extent of disease process, such as localized versus
extensive cancer. The clinical component refers to features such as chronicity and
severity of symptoms. The co-morbid component refers to co-existing pathology

unrelated to the disease of interest. Each component may adversely affect the positive or




negative diagnostic accuracy of the test in an unpredictable fashion, depending on the
disease and diagnostic test in question. For example, a test that performs well with
patients whose disease process is mild may perform poorly with patients who’s disease
process is advanced.*® Patients who serve as controls should have conditions with
pathologic features or similar signs and symptoms that might be easily confused with the
disease of interest. Including these types of patients as controls is useful for assessing the
number of false positives a test will yield and thus provides a meaningful interpretation of
test speciﬁcity.44 Almost any test can distinguish between severely diseased patients and
healthy control subjects. The true challenge of test validity occurs when a study includes
control subjects that resemble the population of patients to which the diagnostic test will
be applied in clinical practice.*’

Biases- For each patie_nt, the investigator must determine whether the diagnostic test is
positive or negative and if the disease condition is present or absent. If these
determinations are not independent, a false index of test diagnostic accuracy may result.
Control must be exerted for several types of biases that include: work-up, diagnostic
review, test-review, and incorporation.* Different synonymous descriptors have been
used by other authors to describe these biases.**** Work-up bias occurs when the result
of a test affects the subsequent clinical work-up needed to establish the diagnosis of the
target disorder. For example, a patient with a negative test may have a less intense work-
up or may not even have the gold standard procedure applied to them since they are
thought to be disease free based on the results of the test. This type of bias can lead to
under diagnosis but not over diagnosis. Diagnostic-review bias occurs when the result of
the diagnostic test being assessed affects the determination of whether the target disorder
is present or absent and may result in over diagnosis as well as under diagnosis. Test-
review bias occurs when the presence or absence of the target disorder is known to be
established and affects the subjective interpretation of the diagnostic test being assessed
and can also lead to over diagnosis or under diagnosis as well. Incorporation bias occurs

when the test in question is incorporated into the evidence used to establish the presence

of the target disorder.*



Other potential difficulties and issues to consider when assessing the accuracy of a
diagnostic test include: inter-rater reliability; whether the test was performed singly or in
combination with other tests; what metrics were used to quantify test efficacy; if the test
procedure wasloperationally defined; and if the setting and population it was applied to

were clearly defined **4%44%°

Although many of the preceding issues seem straightfofward and intuitive, it is clear from
the literature that sound methodological criteria are often not adhered to when assessing
diagnostic tests. Sheps et. al.”' reviewed 129 articles against 7 methodological criteria
identified as being important for diagnostic test research. Overall, 74% of the studies
failed to adhere to more than four of the seven criteria and revealed the following: 68%
employed a well-defined gold standard; 32% operationally defined how tests were
interpreted; interpretation of test results was blinded in 40%, approximately 20% used the

terms sensitivity and specificity incorrectly; and the influence of disease prevalence and

 practice setting were considered in only 19%.”' A qualitative review of the literature

dealing with the accuracy of diagnostic tests for low back pain revealed major
methddological shortcomings in most studies and only 19 out of 36 articles scored over
55 out of 100 points.” Research methodology employed in the development of
diagnostic tests must possess the same rigor currently required for clinical trials of
treatment effectiveness. Not adhering to sound methodological criteria may result in
improper patient management** and a confounding of clinical treatment trials because of
an inability to properly define the patient population and assemble a homogeneous patient

sample.”
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2 2 3 Metrics and Interpretation of Test Properties

Each component of the clinical examination can be considered a separate diagnostic
test.?’ Once the clinical examination is performed, the clinician interprets the findings
both individually and collectively in the clinical decision making process. Determining
the relevance of the clinical examination findings in a meaningful fashion requires three
mechanisms: first, a means of establishing a significant probability or association

between an item or items of the clinical examination and the target disorder; second, a
means of determining how much the result contributes to the diagnosis above and beyond
other clinical examination results; and third, a means of determining if the test results
indicate an increased or decreased chance of the target disorder being present, beyond
that expected prior to testing.>2*?!212% Three types of metrics used to determine the

relevance of the clinical examination findings have been described and will be discussed
beloy 247P-69-1525455

Sensitivity and Specificity- Test sensitivity (Sn) and specificity (Sp) are conditional

probabilities that can be used to define the informational contribution of a test.**** Test
Sn is defined as the probability of obtaining a positive test result when the target disorder
is present. Likewise, test Sp is defined as the probability of obtaining a negative test
result when the target disorder is absent. 2?8182 Gensitivity and Sp calculations are

illustrated in Figure 1.
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Target Disorder
Present (+) Absent (-)
Positive (+) A/A+B=PPV
Diagnostic a b
Test Result
c d
Negative (-) p/C+D=NPV
a d a+b+c+d= N (total)
Sp= a + ¢ Sp= b +d

Figure 1 Sensitivity and specificity

The Sn or Sp of a test depends in part on the intrinsic properties of the test and in part on
the threshold criteria used to establish a positive or abnormal test result. Although it is
desirable for a test to have both high Sn and Sp, factors that contribute to improving one
respective proportion often mitigate the other. 24pp 105 A gingle test that resultsin a
dichotomy (present/absent, positive/negative) will have only one Sn and Sp value. Tests
that produce ordinal or continuos results have many possible Sn and Sp values,
depending upon the threshold criteria chosen to define a positive or negative test.>*
Sensitivity and specxﬁcxty may also be increased or decreased for dichotomous tests by
combining the results of two or more dichotomies and treating this cluster as a single
diagnostic test. To increase specificity, for example, two out of three tests may be
required to be positive in order for the single test cluster to be considered a positive
diagnostic test. The same procedure could be used in a similar but opposite fashion to

increase test sensitivity by minimizing the requ1rements for a positive test cluster.z“""'ms'”
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The threshold criteria is established depends on which test property is more desirable (Sn
or Sp). Whether Sn or Sp is desired depends on both the intended purpose of the test (to
screen or diagnose) and the consequences of 'mtf:rvention.24‘”"'99 For example, a test used
to screen for cancer should be highly sensitive in order to prevent a case from being
missed. Specificity may be sacrificed in order to increase test sensitivity because the
consequences of a missed case are disastrous compared to the cost and discomfort of the
subsequent work-up for patients who have a false positive test finding. Likewise, a test
used for the diagnosis of a target disorder should be highly specific if surgical
‘ntervention is based in whole or in part on the result of the test. In this case, SOme
sensitivity will likely be sacrificed in order to increase test specificity because the
consequences of a false negative finding may be only minimal when compared to the

:ncreased morbidity associated with a false positive test 281057108

Predictive Values- Unfortunately, Sn and Sp can be evaluated only if the true health
status of the patientlis known. In practice, the clinician rarely knows a-priori if the target
condition is present in the patient he or she is evaluating, otherwise the diagnostic test
would be unnecessary. Therefore, Sn and Sp are of limited value for determining the
probability of whether a patient is more likely or less likely to have the target condition
based on the result of the test.J¥P3% The real question of interest that must be answered 1s
“If a patient has a positive or negative test, how likely is he or she to have the disease””"
One method of determining this probability is the calculation of predictivé values. The
positive predictive value (PPV) measures the pre-test probability that a patient actually
has the target disorder when the test is positive. Likewise, the negative predictive value
(NPV) measures the pre-test probability that the patient does not have the target disorder
when the test is negative. The terms pre-test probability and prevalence often are used
interchangeably; the former is used to describe individuals and the latter when describing

groups.45

Calculation of PPV and NPV is illustrated in Figure 1. Like Sn and Sp, predictive values
are of limited clinical use but for a different reason; they are calculated from left to right

1 the 2 X 2 contingency table and are therefore dependent upof disease prevalence
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which makes them unstable. Regardless of the test’s Sn or Sp properties, as prevalence
falls the PPV must fall along with it and the NPV must rise. Likewise, when prevalence
rises so does the PPV while the NPV falls 247%8 The dependence upon disease
prevalence and the unstable nature of positive and negative predictive values is illustrated
in Figures 2 and 3 on the following pages. In the past, predictive values for an estimated
prevalence rate of 50% were often given as 2 standard characteristic for a test. Because
predictive values are prevalence dependent, they are useless in other settings where the
prevalence or pretest probability of the disorder is different.”* Therefore, clinicians must
match a patient’s history specific prevalence to the Sn/Sp values of a given test in order
to then derive clinically meaningful predictive values,*® which can be quite cumbersome

if not impractical in a clinical setting.”*
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Prevalence: 50%

Present (+) Absent (-)

Positive (+) r

Diagnostic
Test Resuit 90 20 | 1o
b

(PPV=.82 (a/at by

Negative (-)
(NPV=.89 (ala+ b))

10 30 90

100 100 200 = N (total)

(Sn= .80) (Sp= .80)

Figure 2 Predicitive Values, 50% Prevalence

Prevalence: 5%

Present (+) Absent (-)

Positive (+)
Diagnostic
PPV=.19 (a/at b
Test Result ? 38 4 ( (afax B)
a b
Negative (-)
C d
(NPV=.99 (a/a+ b))
1 152 153
100 100 200 = N (total)

(Sn=.90) (Sp= .80)

Figure 3 Predicitive Values, 5% Prevalence
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Likelihood Ratios- Use of a likelihood ratio (LR) is another method for determining the

probability of whether a patient is more likely or less likely to have the target condition
based on the result of the diagnostic test. The concept of a LR has been advocated as a
better means for assessing the properties of a diagnostic test and as a practical, valuable
tool for clinical decision making.** An LR is a ratio of two probabilities that expresses
the odds that a given level of a diagnostic test result (positive or negative) would be
expected in a diseased patient compared with a non-diseased patient”‘mp‘m and is

llustrated below.

Probability of test outcome given diseased patients
LR=

Probability of test outcome given non-diseased patients

When an LR exceeds 1, the odds favoring a disease increases; when the LR becomes less
than 1, the odds favoring the disease decrease; and when an LR approaches 1, the odds
favoring a disease do not change and the test is indeterminate.”® Positive (LR+) and
negative (LR-) LR’s algebraically combine Sn and Sp to describe more than the
independent values themselves;” they summarize the information of both Sn and Sp and
thereby represent the discriminative power of a test. Positive and negative LR’s are

computed in the following manner:”*

LR+= Sn/(1-Sp)

LR-=(1-Sn)/Sp

The following example based on a study by Fritz et. al.%7 is helpful for illustrating the

interpretation of LR’s:

A treadmill walking test (longer walking time during inclined walking) is used to

diagnose patients suspected of having lumbar spinal stenosis. The treadmill test LR+=
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6.49 and the LR-=.54. This means that a positive treadmill test is 6.49 times more likely
to occur in patients with lumbar spinal stenosis than from those without lumbar spinal
stenosis. Similarly, a negative treadmill test is only .54 times as likely to occur in

patients with lumbar spinal stenosis than from those without lumbar spinal Stenosis.

Several authors have described three important properties or advantages of
LR75:24,54.55pp120-123
1. Likelihood ratios are stable. Because they are calculated vertically in the 2 X 2
contingency table, LR’s do not change with changes in the prevalence or pretest
probability of the target disorder.
5 Likelihood ratios may be established for multiple levels of test outcome.
Establishing multiple level LR’s improves their diagnostic properties for test
results that are ordinal or continuous scaled.
3 Likelihood ratios allow a clinician to immediately assess the impact of a test
result on thé posttest probability that a patient will have the disease of interest and
can guide sequential testing. If the pretest prevalence (or probability) of a disease
is known or can be estimated, the posttest probability of the disease being present
can be calculated using the formula below which is be derived from Bayes

theorem:
Pretest odds * Likelihood Ratio= Posttest Odds for the Target Disorder
Where: Prevalence/(1 — Prevalence)= Pretest Odds

Because clinicians may be more comfortable with probabilities than odds, the posttest

odds may be converted back to a probability in the following manner:

Posttest Odds/(1 + Posttest Odds)= Posttest Probability
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Once again, the spinal stenosis example from Fritz et. al. is helpful for demonstrating
how the LR of a test (LR+ in this case) may be used to change the probability estimate

for the presence or absence of a disorder in a given patient:z“"p'm‘
126

Diagnostic test LR+= 649  The estimated pretest probablity of the disorder= 40% or .40

Test performed and result is (4)

Convert to pretest odds: 40/1 - .40=.40/.60= .67

Pretest odds= .67

The pretest odds for X the LR for the = The posttest odds

the target disorder diagnostic test result for the target disorder
=.67 X 6.49= 4.35

Convert posttest odds

back to posttest probablity: 3.35/3.35 + 1= 3.35/4.35= .81

Post test probability= .81 or 81%

In the example above, the pretest probability of the patient having the target disorder
prior to the test result was equal to the estimated prevalence rate of 40%; the positive
diagnostic test result has now increased the probability to 81%. If another test is
performed, the pretest probability for the target disorder would now be 81%. Provided the
tests are independent, this sequence of testing and adjusting the posttest probability may
be continued until the clinician is comfortable deciding whether the target disorder is
present. For an LR-, the same process can be carried out to adjust the posttest probability

of the absence of the target disorder.

Three disadvantages of LR’s have also been reported and include the following:”’5 5
1. Knowledge of a test’s Sn and Sp is still required. Because the same LR can be
the result of the combination of very different Sn and Sp values, the Sn/Sp of a
test must be known when false positives or false negatives are to be avoided as

much as possible.
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2. The posttest probabilities generated by LR values are not linear; the
discriminative strength (i.e. resultant posttest probabilities) of an LR+ value of 10
is not ten times that of an LR+ value of 10.

3. The precision of LR’s depends on the proportion of diseased and non-diseased
subjects. The confidence interval around an LR becomes progressively wider as

the imbalance between diseased and non-diseased subjects increases.

Another potential disadvantage is the burden for clinician to establish posttest
probabilities. The need to convert back and forth between pretest probability/pretest odds
and posttest odds/posttest probability can be confusing and somewhat time consuming.
However, this problem is easily remedied with the use of Fagan’s nomogram (Figure

4).*® Once the prevalence of a disorder has been estimated and the LR’s of a given test

are known, the posttest probability can be determined by using a ruler and the nomogram.
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Figure 4 Fagan’s Nomogram
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Since LR’s refer to actual test resuits before disease status is known, they are
immediately more useful to clinicians than Sn or Sp.”* Although the predictive use of
LR’s has limitations, LR’s represent a distinct advantage over the traditional use of PPV
and NPV. Likelihood ratios (LR+/LR-) and their respective 95% confidence intervals
will be calculated for each diagnostic test and diagnostic test cluster assessed in this

study.

2.3 Reference Criteria or "Gold Standards"

The traditional medical model of disease proposes that all disease may be defined by
deviations from pathophysiologic norms and that the underlying cause of disease must be
identified before appropriate corrective measures, in the form of treatment, can
implemented.59 Indeed, Taylor has stated that the current understanding of this model
has come to be strictly associated with the identification of structural abnormality rather
than referring to clinical or etiological events.®® Although the simplicity of this model is
attractive, it is well known that symptoms and pathology are not always strongly

correlated in a number of conditions.*"*

Cervical radiculopathy is a condition in which the nerve root is insulted and typically
results in pain, disturbance of function, and may often be accompanied by a variety of
anatomic and pathophysiologic cha.nges.""*""'5 37-539 Therefore, CR is subsumed very well
by the traditional medical model. It does not appear, however, that carpal tunnel
syndrome is as well accounted for by this model as is CR. The term “syndrome” is
defined as “a concurrence of symptoms” or “the aggregate of signs and symptoms
associated with any morbid process and constituting together the picture of the disease”.”
Accordingly, a cluster of signs and symptoms may not necessarily be attributable to a
distinct anatomical abnormality. Despite the connotations of the term “syndrome”, the
signs and symptoms of CTS are attributable to compression of the median nerve in the
carpal canal ® Therefore, CTS may also be identified by a pathophsyiologic abnormality
of the median nerve in a majority of patients.67 Since both of the conditions of interest in
this study may be defined on the basis of pathophysiological abnormalities, the ideal

reference criterion (referred to hereafter as “gold standard”) used to assess the efficacy of
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diagnostic test procedures is one capable of detecting pathophysiologic abnormalities
which may be singularly applied to a patient suspected of having either condition. An
EMG/NCS examination that includes needle electromyography (EMG) and nerve
conduction studies (NC S) of selected muscles and nerves of the patient’s affected upper
quarter meets this criteria and is commonly used in clinical practice to evaluate patients
suspected of having either CR or CTS. 5% A standardized EMG/NCS examination of
the symptomatic upper quarter will be administered to all patients who participate in this
study.. Abnormalities of the EMG/NCS examination will serve as the gold standard for
the diagnosis of both conditions. The diagnostic properties of the EMG/NCS
examination will now be discussed separately for each condition and a discussion of

acceptable gold standards for patient outcome will follow.

2.3.1 Cervical Radiculopathy

The purpose of the EMG component of the EMG/NCS exam in patients with CR is to
detect neural pathophysiology, specifically axonal-loss injury, and localize it to a cervical
nerve root or roots.#PP-*483%% The purpose of the NCS component of the EMG/NCS exam
is to rule-out other causes of symptoms such as a diffuse peripheral neuropathy or more
distal mononeuropathy 64pp3a1-543

The typical EMG examination consists of assessing several limb muscles as well as the
cervical paraspinal musculature. The selected limb muscles sampled each represent the
integrity of the ventral primary rami of the 1 or 2 nerve roots from which they receive
their innervation, which typically range from the C5 to T1 levels. The cervical paraspinal
muscles are sampled at several vertebral levels with a needle electrode, which allows a
general assessment of the dorsal primary ramus of the nerve root. EMG sampling of
individual muscles consists of two main steps. First, the electrode is repeatedly inserted
at several depths and in various directions in a given muscle in order to assess the
integrity of innervation for a broad motor-unit territory. Normal muscle is electrically
silent at rest. Therefore, during the examination the needle electrode is allowed to rest
‘ntermittently in the muscle in order to detect abnormal spontaneous electrical activity
primarily in the form of fibrillations. Fibrillations and other less frequently observed

forms of abnormal spontaneous activity occur in deinnervated muscle after 14-21 days
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and are due to the development of acetylcholine hypersensitivity by the muscle
membrane, which renders it unstable.***” The second step is t0 have the patient
voluntarily contract the muscle being examined which will elicit motor unit action
potentials (MUAP). The morphology of the MUAP (amplitude, duration, and the number
of phases) and recruitment pattern are then assessed for abnormalities.64""‘548'55 > Typical
or standard NCS procedures used in the examination of patients with suspected CR are
described below in the CTS section. The findings of the EMG and NCS examination are
then integrated and if abnormalities are present and consistent with a lesion of the

cervical root, then the diagnosis of CR is established.

Lacking a better method for detecting nerve root pathophysiology, investigators have
attempted to establish the sensitivity and specificity of EMG by comparing it to other
pathoanatomic procedures used in the evaluation and diagnosis of patients with cervical
radiculopathy. These procedures include imaging studies (myelogram7°’71 and
CT/myelogramn) and surgical observation.”>” Because of the difference in purpose of
these procedures, the use of a pathoanatomic gold standard to determine the diagnostic
accuracy of a procedure such as EMG, which defines abnormalities based on
pathophysiology, is invalid $6%P554 Instead, any comparison of the two procedures
should merely be interpreted as a correlation or percent agreement and a degree of

“divergence would be expected. Even the use of surgical observation as a reference
criterion for studies of EMG diagnostic accuracy is problematic and precludes the
establishment of specificity because it could not feasibly or ethically be applied to the
entire patient sample.*® Determining the diagnostic accuracy of any test for spinal
disorders is problematic due to the difficulty of establishing a suitable reference criterion
or gold standard.*® The diagnostic accuracy of needle EMG for cervical radiculopathy is
no exception and depends upon the clinical parameter or reference criterion which is

40.76
chosen.

Needle electromyography is the oldest electrophysiologic examination procedure for the
diagnosis of radiculopathy‘73 The percent agreement between positive EMG findings and

surgically observed abnormalities in patients with CR ranges from 54% (95% confidence
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interval (95CI)= 44%-64%)" to 100% (95%CI= 85%-100%)"; similar observations have
been reported for patients with lumbo-sacral radiculopathies (78"/0-90%)73’77‘78 However,
the interpretation of EMG findings and surgically observed abnormalities in patients with
radiculopathy is somewhat confounding because some authors do not specify the criteria
used to determine the presence of an abnormality: a herniated nucleus pulposus (HNP) or
an irritated nerve root.””>® A diagnosis of CR based on the mere observation of an
HNP is inappropn'ate'.45 Boden et. al. found herniations of the cervical intervertebral disc
to be present in 18% of 63 asymptomatic volunteers” and an even larger percentage of
false positive findings in the lumbar spine have been reported by numerous authors.*"®
Wilbourn’s statement that needle EMG is nearly 100% specific for the examination of
patients with suspected radiculopathyg"' cannot be substantiated due to the methodologic

limitations mentioned previously, but no one has reported a false positive EMG in

patients treated surgically for CR.7*"" the same cannot be said for imaging studies.”’

Myelography is the imaging procedure EMG has been most frequently compared with.
The correlation between myelography and EMG in patients with radiculopathy is
consistently high for both the cervical (75% (95%CI= 61%-95%)""" and lumbosacral
(90% (95%Cl= 77%-100%))* regions and a complementary relationship between the
two procedures for the diagnosis of radiculopathy has been acknowledged in all identified
repons.w'gf"‘” The advantages of EMG versus myelography include: the ability to detect
lateral root entratpmem;76 detect insidious disease processes;75 and not injecting foreign
material into the body.**#P>** Shared disadvantages are that both procedures are invasive
and involve various degrees of discomfort. A high percent agreement has also been
reported when EMG is compared to CT in patients with lumbosacral radiculopathies
(85% " to 89% (95%Cl= 80-98%)’2). In the only study in which data were statistically
analyzed, EMG was found to be superior over CT (P<.0001) and the clinical exam for
detecting which lumbosacral nerve root was involved.”” The only study to compare EMG
with CT in patients with suspected CR found an agreement of 67% for the two
procedures (95%CI= 41%-93%)’* Although the use of non-invasive imaging techmques
such as CT and MRI for diagnosis of radiculopathy is appealing, both procedures support

pathoanatomic diagnoses in 10% to 30% of the asymptomatic population depending on
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age.”®?*” This is of concern because surgical intervention for patients with CR may
often based on positive test results. Given the potential complications associated with
surgery, the low morbidity associated with untreated CR, and the fact that prognosis for
recovery is good in the majority of cases,” % it can be argued that a diagnostic
procedure which yields few false positive findings (i.e. is highly specific) is warranted for

the diagnosis of patients with suspected CR.'

Other electrophysiologic examination procedures for the diagnosis of radiculopathy have
been advocated in an attempt to increase the sensitivity of EMG and include an analysis
of motor unit action potentials (MUAP) and the evaluation of evoked potential latencies
(flexor carpi radialis (FCR) H-reflex, median and ulnar F-waves, and dermatomal
somatosensory evoked potentials (DSEP)).”® Although these additional procedures may
increase the yield of abnormalities detected during the electrophysiologic
examination,”>"'°2 muscle membrane instability observed during needle
electromyography is still considered the hallmark diagnostic sign and the single most
sensitive pathophysiologic method for establishing the diagnosis of both lumbar and

cervical radiculopathy,73'75’7”&103

There is some evidence that EMG may be useful in predicting the outcome of patients
with radiculopathy. Two studies have reported that patients with normal pre-operative
EMG findings have poorer surgical outcomes as expressed by symptom relief”” or
measured pain intensity compared to patients in whom pre-operative EMG abnormalities
were observed (p<.01).104 One study reported that patients with an abnormal pre-
operative FCR H-reflex had a bétter clinical outcome at two years (p<.03) than did
patients who had a normal pre-operative H-flex; a similar relationship was not observed
for needle EMG findings.” Despite these reports, the relationship between EMG and
patient outcome is still inconclusive because some studies used non-standardized
outcome instruments with unknown psychometric propertie:s,7°‘75 the number of subjects

or cell sizes were limited,'®* and data were not analyzed statistically.”
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9 3.2 Carpal Tunnel Syndrome

Because NCS and needle EMG provide a unique way of directly assessing the integrity of
sensory and motor nerve fibers, they have become the mainstay for the laboratory
evaluation of CTS.5®***® The primary purpose of the EMG/NCS exam in patients with
suspected CTS is to detect and localize abnormalities to the distribution of the median
nerve. Additional purposes may be to rule-out other causes of symptoms such as a
diffuse peripheral neuropathy, a more proximal mononeuropathy, and in some cases rule-
out a concomitant CR.*7***7¢ Usually one or more median innervated muscles is
examined with needle EMG as well as a radial or ulnar innervated muscle for
comparison, except in cases of suspected concomitant CR when more comprehensive
muscle sampling is performed.64pp873 The procedure for the EMG examination was
described in section 2.3.1. In a typical NCS examination of a patient with suspected
CTS, both the sensory and motor components of the median nerve are assessed. Surface
electrodes are placed on the wrist or fingers to record evoked potentials when nerve
stimulation at the wrist or elbow occurs. Alternatively, recording electrodes may be
placed over the nerve at the wrist to record evoked potentials when the digit or palm is
stimulated. For comparison, the ulnar nerve is examined in a similar fashion although the
radial nerve may also be used.’®® The latency and amplitude of the evoked potentials are
the most commonly assessed NCS parameters. The findings of the EMG and NCS
examination are integrated and abnormalities of latency, amplitude and muscle
membrane stability, when present and isolated to the median nerve distal to the wrist,

help establish the diagnosis of CTS.*

In 1956, Simpson was the first to report the usefulness of median motor nerve conduction
studies in the diagnosis of CTS.!% His observations were later validated by a number of
other investigatorsmm8 and assessment of the sensory component of the median nerve
was also included as advances in technology made this feasible.'®® Using intraoperative
NCS, Brown confirmed that nerve conduction abnormalities of the median nerve in
patients w1th CTS were localized to the area under the transverse carpal llgamem
Fullerton suggested that two mechanisms were responsible for the signs and symptoms of

CTS: one is a rapidly reversible change in the nerve fiber associated with episodes of
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ischemia and the other is due to slowly developing structural changes in the nerve fibers

: . : 11
due to compression of the median nerve under the transverse carpal ligament.

Clinical investigators have developed and refined a variety of techniques in order to
maximize the sensitivity and specificity of NCS/EMG procedures for the diagnosis of
CTS. These techniques include but are not limited to:5""1? comparisons of latencies
(bilateral median nerves and median nerve with ipsilateral ulnar and radial nerves); short
segment mixed nerve latencies; sequential short segment (1cm) latencies; and comparison
of nerve conduction velocity (NCV) across the carpal tunnel with NCV of a finger or
forearm segment.‘”’m’114 The reported specificity of sensory NCS is excellent. An
assessment of long, short, and comparative sensory techniques as well as distal motor
latency NCS in several large series of patients (n=100-3 00) suspected to have CTS is

> 95 (95%CI= .95-1.0).”5'117 The sensitivity of NCS is lower and varies depending on
the technique used: standard sensory conduction techniques range from 49" to
.84!"while short segment, mixed nerve conduction techniques; and techniques that

compare the ipsilateral median and ulnar nerve range from .69'" to .84.""

Two recent reports‘w’113 show that the ratio of the NCV’s across the carpal tunnel and
NCV of either the forearm or digit is both sensitive and specific for the diagnosis of CTS.
These later two works support the earlier findings by Kimura and Ayyar who tested 814
limbs and found slowing of the sensory NCV across the carpal tunnel relative to the
forearm in 100% of CTS patients but not in any of the asymptomatic control subjects.'"*
In a sample of 50 hands with clinically confirmed mild to moderate CTS and 40 normal
controls, Padua et. al. computed the ratio of the NCV in the 3™ digit and the nerve
conduction velocity across the carpal tunnel. This ratio was called the distoproximal ratio
and reported a sensitivity of .98 (95%Cl= 94-1.0) and a specificity of > .95 (95%CI= 95-
100%) for the procedure.”? Gunnarsson et. al, evaluated the diagnostic accuracy of a
similar NCS technique in which the NCV across the carpal tunnel and the proximal NCV
in the forearm is used to compute a NCV ratio. This ratio was obtained in 169 hands
referred for neurophysiologic evaluation of CTS. The diagnosis of CTS was then

retrospectively established three months later by using a combination gold standard of a
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hand diagram, Symptom Severity and Functional Status Scale ratings, and standard NCS.
If surgery was performed, relief of symptoms and observed median nerve abnormalities
were required to establish the diagnosis of CTS. An receiver operating characteristic
curve was used to determine the optimal sensitivity and specificity values which were .80
(95%C1= .68-.88) and 87 (95%Cl=.76-.94), respectively.”’ The method reported by

Padua et. al. will be used in this study due to its utility and ease of performance.113

Although NCS/EMG procedures are the only method of determining the physiologic
status of neural elements (axon and myelin) in peripheral nerve, some patients have
obtained relief after CTS surgery despite having a normal EMG/NCS ekamination.”8
Grundberg performed carpal tunnel release surgery in a series of 292 patients, thirty-two
of whom were operated on despite normal nerve conduction studies and revealed the
following: thirty one of the thirty-two patients experienced subsequent relief;, no median
nerve abnormalities were found in 22 of these patients; mild compression was observed
in 8, and moderate cbmpression was noted in one subject.118 In addition, NCS
abnormalities have been observed in asymptomatic subjects when certain NCS
techniques are performed.119 Most studies reporting on the false negative rate of
EMG/NCS in the diagnosis of CTS have either been retrospective, have not provided a
valid or unbiased reference criterion (i.e. “good” vs “poor” surgical or treatment
outcome), or used less sensitive, long-segment NCS techniques.67 Clinical opinion and
the clinical examination have also served as gold standards for determining the diagnostic
properties of NCS but the validity and reliability of these variables have not been well
established. Magnetic-resonance imaging (MRI) of the carpal canal has also been
considered for the diagnosis of CTS but its diagnostic and predictive value has yet to be

determined.m

Similar to patients with CR, there is some evidence that NCS procedures may be useful
for predicting outcome in patients with CTS who have been treated surgically; no reports
were identified that dealt with non-surgically treated patients. Also similar is the quality
and quantity of research related to the value of N.CS procedures for patient prognosis in

patients with surgically treated CTS: it is limited; the majority of studies are
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retrospe:ctive;‘21'l25 few use standardized outcome instruments with vald psychometric
properties;m'127 and appropriate statistical analyses arc usually la.cking.122'123'126‘127 The
one report that conducted a statistical analyses of the results was a retrospective study

' that assessed the outcome of 131 patients who underwent 2 second operation for CTS due
to persistent Of recurrent disabling symptoms. Pre-operatively, patients underwent a
standardized EMG/NCS examination and completed the Brigham and Women’s Hospital
Hand Symptom Severity Scale (SSS) & Function Status Scale (FSS). NCS results were
normal in 24 patients (18.3%) and abnormal in 107 patients (81.7%). Patients with
preoperative NCS abnormalities had significantly better final SSS scores (p<.005) than
patients with normal findings. The authors also reported that FSS scores Were
significantly improved at a2 p value of 07.'% Several studies of poorer methodological
quality have reported a relationship between abnormal preoperative NCS and improved
post-surgical outcomes as measured by a variety of non-validated patients self-report
'mstruments,m‘124 impairment measures,n“”'125 127129 4 clinician or patient

.. 121122124 . . 121,
opimon but conflicting reports also exxst.n”"125 127.129

In summary, neural impairment characterizes both CR and CTS and is a chief concern
when managing patients with either of these two conditions.m’(’ Although NC S/TEMG
procedures are not 100% sensitive Of specific for the diagnosis of CR of CTS, they are
commonly used in the evaluation of patients suspected to have either condition. While
there is debate regarding the precise role of NCS for the diagnosis of CTS. % the best
objective diagnostic test continues to be an EMG/NCS exanlination.64"p867 EMG/NCS
procedures are the only way of assessing physiologic neural impairment in both
conditions > 554 In this study, the diagnosis of CR and CTS will be based on the
presence of abnormalities of the EMG/NCS examination and opinion of the EMG/NCS
provider. Oncea diagnosis of either condition is established, the provider will classify
the patient according to severity of EMG/NCS abnormalities as outlined in section 423,
pp 75 -77. The CR and CTS classification schemes used in this study are modifications

of similar, previously published classification systems.m




27 3.3 Patient Qutcome
When deciding what variable or variables of interest will serve as a gold standard for
patient outcome, the level of disablement, level of outcome, and the type of instruments

or measures to be used are all issues that must be carefully considered.

Nagj’s disablement model represents a traditional pathology-based approach to disability
that is linear In nature.>! However, numerous studies representative of a wide spectrum
of medical care provide clear evidence that the relationship between the various levels of
disablement depicted in Nagi’s model are not always direct or proponional.6“62‘”2'136 The
presence of disease and impairment does not always result in functioﬁal limitations OF
disability and proportional changes in the severity of functional {imitations of disability

6163.70.104,122, - . e
d. 370.104,122,123,132-134 13713% This same relationship between the

are not always observe
levels of disablement is also apparent in patients with functional limitation and/or
disability; disease aqd impairment may be absent or not directly proportional to the
severity of functional limitation and disability.m’136 This non-linear relationship between
levels of disablement has implications for deciding which outcome variables should be
assessed when monitoring patient response to treatment in both clinical care and research

settings.

Treatment intervention may be directed at different levels of disablement and may be
assessed at a variety of outcome levels. A conceptual framework depicting the
relationship between level of intervention and level of outcome has been proposed by

Whyte which was adapted to fit Nagi’s disablement model.'*® (Figure 5)
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Figﬁre 5 Whyte’s Outcome Model (adapted from whyte'*)

Because cells along the main diagonal represent congruent Jevels of intervention and
outcome, it i8 thought that sensitivity to treatment effects is maximized because the
treatment effects have a direct impact on the outcome of interest.‘”‘”o When levels of
intervention and the correspondihg levels of measurement of outcome are above Of below
the main diagonal cells, there is often a trade-off between measurement sensitivity

(ability to detect change) and clinical relevance due to the impact of intervening
variables.m Because the level of treatment and level of measured outcome may not
always coincide. Whyte's frameWork may be helpful for choosing an outcome gold
standard when conducting rehabilitation research. The interaction between the levels of
intervention and levels of outcome must be considered in conjunction with the purpose of

the outcome measurement.

Once level of intervention and level of outcome have been determined. it is still
necessary to choose the particular instruments OF MEAsures that will be used to assess

outcome. Many clinicians prefer to monitor a patient’s change in status Of outcome with



the same laboratory, imaging, physiologic tests, and clinical measurements that were used
to diagnose the target disorder.'* However, most of these variables are unsuitable for
use as outcome measures because they primarily reflect pathology and impairment levels
of disablement and are unresponsive to change even when an improvement in patient
status has occurred.@’m‘m'm’m’m In patients with radiculopathy, EMG abnormalities
may be observed years after the initial onset of symptoms despite relatively minimal
symptoms and disability.7°"°4. The same relationship is observed with NCS and patients
with CTS: although marked improvement is observed in some patients following non-
surgical and surgical intervention, NCS may show no improvement OT remain
abnormal.122’123'127’137’138 Therefore, a change in the patient’s level of functional
limitation orf disability often will not be detected if EMG/NCS findings (i.e.
pathology/impairment level measurement) are used as an outcome measure in patients
with CR and CTS. Although treatment will not be controlled, the outcome of interest in

this study 18 primarily at the functional limitation and disability level.

Patient self-report instruments, health status assessment measures (HSAM) inparticular,
have been shown to be valuable measures of patient outcome despite continued
conceptual, methodological, practical, and attitudinal barriers to their use.*® A number
of HSAM whose purpose ‘s to measure clinically meaningful change have established
psychometric properties and often reflect the most relevant outcomes for patients and
society.m’”2 Unfortunately, most HSAM are used for research purposes to compare
groups of patients and what constitutes a meaningful clinically significant change score
for a given instrument is largely un];mown.%’”':"146 Other familiar indicators of outcome
may be economic of related to the risk and complications associated with treatment ofa
giveri condition. These markers are familiar to many interested parties involved in the
management Of health care delivery but they frequently provide tittle or no useful
‘nformation about the status of individual patients and are of little value for guiding

. 40
treatment decxslons.1

One problem for assessing the improvement OT deterioration for qualities such as pain

and function is that no objective external gold standard for such change exists.' In
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addition, there is no cONSENSus for what construct best serves as the gold standard for
change. 92.145.146 Despite this limitation, several investigators have used either the
patient’s Of clinician’s ratings as a gold standard for outcome Of change when assessing
the responsiveness of health status assessment instruments. 92,143.146 Global perceived
effect is an outcome measure for improvement that mcludes pain, functional status, and
other constructs of dimensions that patients cla551fy as 1mportant § Jaeschke has
described a 15pt global self-rating scale (GSRS)whereby patients may rate their own
perception of improvemem143 The scale ranges from —7 (“a very great deal worse”) to
zero (“about the same”) to +7 (a very great deal better). Interrmttent descriptors of
worsening are assigned values from _1 to -6 , and intermittent descnptors of

improvement are assigned values from +1 to 6.

The complete list of descriptors with the corresponding values is as follows:

A very great deal worse (-7) About the same ©) A very great deal better (+7)

A great deal worse (-6) A great deal better (+6)
Quite a bit worse (-5) Quite a bit better (+5)
Moderately worse (-4) Moderately better (+4)
Somewhat worse (-3) Somewhat better (+3)
A little bit worse (-2) - A little bit better (+2)
A tiny bit worse (-1) A tiny bit better 1
(almost the same) (almost the same)

The use of retrospective GSRS as 2 gold standard for change has been criticized because
the reliability and validity of this method s unknown and patient recall of former health
status may be inaccurate of biased.'*” Despite these potential limitations, the use ofa
retrospective global rating of change as an outcome gold standard represents & credible
option in the absence of an external gold standard and continues to be a common,
feasible, and useful method for assessing outcome."*

This study will measure two outcome variables. The first is the type of intervention,
surgical or non-surgical, a patient received for his or her particular condition at 6 weeks
from the time of enrollment in the study. This dichotomous grouping (surgical/non-
surgical) takes into account economic considerations as well as concerns about morbidity

and timeliness of ‘ntervention. 1fa patient s able to manage the symptoms of his or her




condition with non-surgical treatment, it may be possible to avoid the costs and

complications associated with Surgery,6’15'98'9

9.121.148 | iKewise, if patient requires
surgery in order to obtain symptom relief, less cost and debilitation may be experienced
by offering the patient a surgical option sooner rather than ater. 301 4%1¥ The second is
patient perception of improvement using a GSRS of improvement. This global rating of
improvement is the optimum outcome variable of choice in this study for several reasons:
1. It captures meaningful information representing several constructs that are of primary
concern for the patient;l‘“’ 2. Measures of neural and clinical impairment may be

relatively unresponsive to change;m’mand 3 The MCID of region and disease specific

HSAM for CR and CTS is unknown.

5.4 Critical Appraisal of Clinical Examination Measures and Self-Report
Instruments for Cervical Radiculopathy and Carpal Tunnel Syndrome

An item or an item cluster from the clinical examination or patient self-report measures
may be useful for diagnosis of condition and predicting patient outcome. However, most
studies that have assessed the diagnostic test properties of items of the clinical
examination and patient self-report instruments contain violations of many diagnostic test
methodological research principles. Therefore the true diagnostic value of clinical
examination items and self report instruments for CR and CTS is unclear or unknown. A
critical appraisal of existing work related to items of the clinical examination and patients

self-report instruments is discussed below.

2 4.1 Common Clinical Examination Measures

Several common clinical examination measures are used when evaluating patients with
CR and patients with CTS.16’34""'5°'52" 194196150 pp...1519p-120-126 However, the reliability and
validity of many of these procedures has either not been reported or adequately
established. Inter-rater reliability is a pre-requisite for establishing the diagnostic
accuracy and predictive validity of any examination procedure used to measure
impairment or aid in diagnosis ** P 334 The inter-rater reliability, diagnostic accuracy,

and predictive validity of the following commonly used clinical examination measures

will be evaluated in this study:



Questions: In the majority of disease states, including neurologic disorders, an accurate
diagnosis can be made from information obtained from the history alone over 75% of the
time.*° Although not common, a question regarding symptoms, symptom location and
behavior, and history can be used and measured as diagnostic tests.2’ To be valid,
diagnostic test questions must be developed using the same rigorous research
methodology and metrics applied to other diagnostic procedures thought to be more
objective, typically laboratory tests of clinical examination measures.27 Diagnostic test
questions are often the most powerful diagnostic measure for some conditions %3%nd

. P . 49
can possess sensitivity and specificity values of 1.0 in some €ases.

Certain questions and patient responses are thought to be of diagnostic value when
examining patients with suspected CR'™1? or suspected CTS'® but have not been
formally or only limitedly assessed. This study will assess the diagnostic properties of
the questions and résponses listed below which address symptoms frequently reported by
patients with CR and CTS.'671*? No data addressing the inter-rater reliability of these
items are available. All 11 questions are listed on an evaluation form, which is contained
in appendix C.
1. Which of the following symptoms are most bothersome for you?

Pain

Numbness & Tingling

Loss of feeling

2. Where are your symptoms most bother some?
Neck
Shoulder or shoulder blade
Arm above elbow
Arm below elbow

Hands and/or fingers

3. Which of the following best describes the behavior of your symptoms”




Constant
Intermittent

Variable (comes and goes)

4. Does your affected hand feel “fat” or «“swollen™

from your affected

5. Do you have trouble with fumbling of dropping objects

hand?

6. Does your entire affected limb and/or hand feel numb?

7 Do your symptoms keep you from falling asleep?

8. Do your symptoms wake you during the night?

g or positioning your neck?

9. Do your symptoms improve with movin

10. Do your symptoms improve with moving, “shaking’, OF positioning your

wrist or hands?

se when performing tasks that

11. Are your symptoms brought on or made wor

require a lot of grasping of finger movement?

Conventional Neurological Examination of the Upper Extremity: This examination
and sensation testing. A

includes testing of strength, muscle stretch reflexes (MSRs),
is indicated for patients who

on of the upper extremity
6153 Viikari-

standard neurological examinati
syndrome. !

ability for sensory and strength testing (Kappa -40 -
s. Although the

present with radiating neck pain and symptoms of carpal tunnel

Ju
64)"** using standardized and oper

ntura found moderate inter-rater reli
ationally defined test procedure

nis a standard component in the evaluation of
R and CTS has not

ventional neurologic examinatio
ts value for the diagnosis of C

con

patients with suspected CR and CTS, i




been well established.2

exa

and validity of conventional neuro

with

mination procedures of the upper extremity
logical exami

suspected CTS are summarized in Table 2

I The reliability and validity of conventiona

35

| neurological
are summarized in Table 1. The reliability

nation procedures specific for patients
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Range-of-Motion and Wrist Diameter Measurements: Cervical range-of-motion (ROM)
is frequently assessed when examining patients with complaints of neck pain 16> and
cervical ROM measurements may be used as an indicator of treatment effectiveness or as
a measure of patient outcome.* Cervical ROM is often impaired and may result in
functional limitations in patients with cervical radiculopathy’® and impaired cervical
flexion ROM has been described as being useful for the diagnosis of CR.'” Many
schools of manual therapy hypothesize that certain patterns of restricted cervical ROM
are indicative oOr pathognomonic of a particular underlying cervical disease or syndrome

but no data have been collected to support this hypothesis.168""'50’92'106'169""‘”3'174

The cervical ROM measures obtained in this study include: flexion, extension, bilateral
side-bending, and bilateral rotation. Intra-class correlation coefficient values of .84 - .92
have been reported for measuring cervical range-of-motion with a variety of devices but
the cumbersome nature of most of these devices often limits their clinical applicability.
165.170.171 - Gydies réport’mg the reliability of cervical range-of-motion measurements taken
with a bubble goniometer are limited. Lowery reported 2 pearson I of .54 for inter-rater
reliability of cervical impairment measurement take with 2 bubble goniometer.166 Hole
and colleagues reported the inter-rater reliability for bubble goniometer measurements of
cervical flexion/extension, lateral bending, and rotation as ICC coefficients (model 2,1)
of .84, .82, and 81, respectively.”o Documentation of measurement precision in the
form of a standard error of measure is lacking for all measurement methods. The bubble

goniometer method will be used to take all cervical ROM measurements in this study.

The wrist-ratio index is @ proportion derived from the ratio of anterior-posterior
(numerator) and medial-lateral (denominator) wrist width measured at the distal wrist
crease in centimeters. Patients with a larger wrist-ratio are said to have 2 more “square”
shaped wrist which is presumed to result in diminished carpal canal space Of residual
carpal canal volume and thus be a predisposing factor for CTS.7+'" A ratio of >71s
said to be predictive of CTS.'* Johnson originally described the wrist ratio index in

1983 and reported a strong positive correlation between subjects who had a ratio >.70 and

prolonged median distal sensory 1atenc:y.‘74 This positive correlation has been observed



by a number of other authors, 7#'7>'” including one large prospective study of 665
consecutive presenting for evaluation of CTS.'” Inasample of 228 patients, Kuhlman
and Hennessy reported sensitivity and specificity values of .69 and .73, respectively, for
the wrist-index when a ratio of >.70 was used to define positive test.'”* Using the same
threshold criterion of 2.70, Gordon et. al. were able to predict the development of CTS in
automobile workers over a 3 year period with a sensitivity of .74 and 2 specificity of
76.1" In the one study that reported no correlation between the wrist-ratio index and
NCS, the index was computed from measurements taken at the proximal wrist crease of
asymptomatic rail-road maintenance workers. The extremely conservative NCS values
used to establish the diagnosis of CTS in this study were inadequate for identifying mild
cases of CTS, which would be expected to exist in an asymptomatic population (distal
motor and sensory latencies of >4.4ms).'™ Although the wrist-ratio index appears to be
useful for evaluating patients with suspected CTS, the reliability and measurement

precision of this clinical measure is not known.

Provocation tests: Provocation tests are procedures designed to increase OT decrease a
patient’s symptoms and usually have a dichotomous outcome. A positive test is thought
indicate that the target disorder has a mechanical component and may be more responsive
to treatment.‘68""'(’)4'16(’3‘177""'75'88 The basis for most of the provocative tests in this study is
the fact that mechanical deformation (compression Of tension) or alleviation of
mechanical deformation (distraction or relaxation) of the neural elements increases of
decreases, respectively, symptoms of severity of symptoms in patients with CR and
CTS.7*1% Mechanical deformation results in a reproduction of increase of the patient's
symptoms due t0 :schemia and irritation of nerve axons whose firing threshold is elevated

179181
due to injury.

Provocative tests for patients with CR may induce Of alleviate mechanical deformation by
the following mechanisms: enlargement or narrowing of the neural foramen;*"'*’
peripheral neural elements placed on slack or stretch; *+'®’ and an increase in intrathecal
pressure.lso""‘m'127 Most provocative tests for patients with CTS employ external

pressure directly”‘é'187 or indirectly'”’ to the carpal tunnel that further increases the
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already elevated pressure within the carpal canal 88.178.179 4 ytilize direct percussion of

the nerve to excite hyperirritable or regenerating axons.m'189

Each provocative test assessed in this study is described below along with the operational

Jefinition of each test as it will be administered in this study.

1. Neck Compression Tests: Originally described by Spurling and Scoville as a test for
cervical radiculopathy. In their description, the patient's head is laterally flexed towards
the side of pain, and a compression force of ~15 lbs. is applied to the top of the head. A
positive test is Jefined as the reproduction of the characteristic radicular pairL183 Other
authors have modified this test and incorporate neck extension and rotation towards the

side of pain prior to applying a compression force of ~15 lbs to the head."**"*

Both test procedures will be used in this study and will be applied with the patient in a
sitting position. The test as originally described by Spurling and Scoville will be
designated Method A'® and the modified version Method B! Method A will be
performed first and graded as positive or negative. Following the application and grading

of Method A, Method B will then be performed and graded in the same manner.

5 Shoulder Abduction Test: The shoulder abduction test is performed on patients with
complaints of radiating neck pain or radicular signs and symptoms.m’191 Although the
mechanism of pain relief is unclear, it is thought to be due to diminished tension on the
irritable nerve root'®* A positive test i defined as the elimination of or decrease in

symptoms

The Shoulder abduction test s shown in Figure 6. While sitting, the patient is instructed
to place the hand of the affected extremity on the head in order to support the extremity

in the scapular plane.184 The test will be graded positive or negative.
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Figure 6

3. Valsalva Maneuver: The Valsalva maneuver is designed to detect a space-occupying
lesion in the cervical spine, such as a herniated disk or an osteophyte. A positive test is

defined as the reproduction or exacerbation of symp'(oms.15 Opp.123-127

While sitting, the patient is instructed to take a deep breath and hold the breath while
attempting to exhale over a 2-3 second period with gradually increasing force. This test
has been modified to include the gradual force build-up period. Because of associated
morbidity, the Valsalva maneuver will not be performed by patients in this study who
have cardiac disorders and patients with ophthalmic disorders other than visual acuity

deficiencies.'*>"'** The test will be graded positive or negative.

4 Distraction Test: The neck distraction test is performed on patients with complaints of
radiating neck pain or radicular signs and symptorns.15 % A positive test is defined as the
elimination of or decreased symptoms. If positive, a cervical disc herniation is suspected

and indicates the potential for mechanical traction to be an effective treatment approach.
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With the patient lying supine and the neck comfortably positioned, the rater will securely
grasp the patient's head under the occiput and chin. An axial traction force, not to exceed

~30 Ibs., will then be manually applied to the neck.1%* The test will be graded positive or
PP

negative.

5. Upper Limb Tension Tests (ULTT): The ULTT, or ‘brachial plexus tension test’ was
originally described by Elvey in 1979 195185577585 Geveral modifications of Elvey's test
designed to selectively stress the peripheral nerves of the upper extremity have since been
proposed. Two basic ULTT procedures will be used in this study and are purported to

emphasize tension in the median and radial nerve, respectively,177""'147'1'53

ULTT A: With the patient supine and the cervical spine in neutral, the following
motions will be sequentially applied to the symptomatic upper extremity and are
illustrated in Fig 7 on the following page: 1) scapular depression (4), 2) gleno-humeral
abduction (B), 3) forearm supination, wrist and finger extension (C), 4) shoulder external
rotation (D), 5) elbow extension (E), and 6) contralateral then ipsilateral cervical lateral
flexion (F). The p‘atient is questioned regarding symptom reproduction throughout the
maneuver. If symptoms are not reproduced during testing of the symptomatic limb, the
test will then be applied to the opposite limb in an identical manner in order to compare
elbow extension range-of-motion between limbs, 195-18%P-57-85 The test is considered
positive in this study if the following conditions are met: 1) the test reproduces any
portion of the patient’s symptoms or pain complaints, 2) there are side-to-side differences
in elbow extension when all previous motion sequences have been completed, and 3) for
the symptomatic limb, contralateral neck lateral flexion increases symptoms or ipsilateral
lateral neck flexion decreases symptoms. When a positive result occurs, the examiner
will note and record the element in the range-of-motion test sequence (1 - 6) that elicited
the positive result. The test is concluded when a positive result is obtained or when all

motion sequences have been completed.

ULTT B: With the patient supine, shoulder abducted to 30", and the cervical spine in

neutral, the following motions will be sequentially applied to the symptomatic upper
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extremity and are illustrated in Fig 8: 1) scapular depression (4), 2) medial shoulder
rotation (a), 3) full elbow extension (“locked™) (B). 4) wrist and finger flexion (C), and 5)
contralateral then ipsilateral cervical lateral flexion (as for ULTT A). The patient is
questioned regarding symptom reproduction throughout maneuver. If symptoms are not
reproduced during testing of the symptomatic limb, the test will then be applied to the
opposite limb in an identical manner in order to compare wrist flexion range-of-motion
between limbs. The test is considered positive if either of the following conditions are
met: 1) the test reproduces any portion of the patient’s symptoms or pain complaints. 2)
there are side-to-side differences in wrist flexion when all previous motion sequences
have been completed, and 3) for the symptomatic limb, contralateral neck lateral flexion
increases symptoms or ipsilateral lateral neck flexion decreases symptoms. When a
positive result occurs, the examiner will noie and record the element in the range-of-
motion test sequence (1 - 6) that elicited the positive result. The test is concluded when

a positive result is obtained or when all motion sequences have been completed
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Figure 7 (Adapted from Butler'™)



Figure 8 (Adapted from Butler'”)

6. Tinel’s Sign: Two methods, classic (Method A) and provocative (Method B), will be
performed. Both methods are reported to localize the level of a peripheral nerve injury
by performing percussion directly over the nerve suspected to be involved.'”® The test
was originally described as a method of detecting and monitoring nerve regeneration after
laceration.'®® Others have described or applied the test as a provocative measure in order
to reproduce the patient’s symptoms.'® In compression injuries such as carpal tunnel
syndrome, regeneration will only occur after the syndrome has progressed to the point of
nerve degeneration.'”® In the early stages of carpal tunnel syndrome, or in advanced
cases in which the degeneration/reéeneration process has reached a steady state, Tinel’s
Sign may be negative, even though the syndrome is present. In the case of suspected
carpal tunnel syndrome, the median nerve is percussed over the carpal tunnel.'*

Method A- With the patient sitting, elbow flexed 0-30°, and the forearm in a supinated
position, the patient's wrist and hand will be supported in a neutral position. A tendon
reflex hammer positioned ~6 in. above the wrist will be allowed to fall 4-6 times over the
median nerve located between the tendons of the flexor carpi radialis and the palmaris

longus at the proximal wrist crease. A positive sign is considered to be present when the
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patient reports a non-painful tingling sensation radiating distally along the course of the
nerve.'®'*® The test will be graded positive or negative

Method B- The patient will be positioned as for method A above. Using a tendon reflex
hammer, the Rater will directly percuss the median nerve located between the tendons of
the flexor carpi radialis and the palmaris longus at the proximal wrist crease 4-6 times
with mild to moderate force. A positive sign is considered to be present when the patient
reports discomfort or pain at the wrist or radiating distally along the course of the nerve

that is related to their condition. The test will be graded positive or negative.

7. Phalen’s Test: Phalen’s wrist flexion test was developed as a clinical test for carpal
tunnel syndrome."*” Maximal wrist flexion decreases the cross-sectional area of the
carpal tunnel and compresses the median nerve between the flexor tendons and the
transverse carpal ligament.'”’ A positive test is defined as the reproduction or

exacerbation of paresthesias or anesthesia in the cutaneous distribution of the median

nerve in the hand.!®’

While sitting, the patient's elbow will be flexed 0-30° and the forearm and wrist will be
supported by the Rater in a pronated and neutral position, respectively. The patient's
wrist will then be placed in a position of maximal flexion for a maximum of sixty-
seconds.”’ For this study, the patient will be questioned with regard to symptoms at 15

second intervals during the sixty-second period.'”®

The test will be graded positive or
negative. The test is concluded when a positive test result is obtained or at the end of the

maximum sixty-second time period.

8. Carpal Compression Test (CCT): The CCT was originally described by Durkan'® as
a clinical diagnostic test for carpal tunnel syndrome. The test is considered positive if the

patient’s symptoms in the cutaneous distribution of the median nerve are reproduced.

While sitting, the patient's elbow will be flexed 0-30° and the forearm and wrist will be
supported in a supinated and neutral position, respectively. Placing both both thumbs

over the transverse carpal ligament, the rater will then apply a approximately 6 pounds of
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pressure with each thumb. The pressure is maintained for a maximum of 30 seconds.'*
For this study, the patient will be questioned with regard to symptoms at 15 second
intervals during the thirty-second period. The test will be graded positive or negative and

is concluded when a positive test result is obtained or at the end of the maximum thirty-

second time period.

The diagnostic properties and reliability coefficients of each provocative test, if known,
are reported in Tables 3 and 4. Unlike tests of CR, a large number of studies of CTS
have reported a wide range of diagnostic accuracy values for Phalen’s test, Tinel’s Sign.
and the CCT (Table 4). One explanation for the variabity of these findings is errors in
diagnostic test methodology. A summary of CTS provocative test studies and associated

methodology is listed Figures 9 and 10

Table 3
Reported Reliability and Validity Coefficients for CR Provocative Tests
TEST PROCEDURE RELIABILITY VALIDITY
range Gold Standard:
Spurling’sn'154 (range)
K=.61-.71 Myelography
Sn=.36 Sp=.96
(range) Gold Standard: Myelography
Shoulder Adbuction Test™"'**'® K=.21-.40 Sn=.43 Sp=.80
% agreement= 68%
Valsalva Maneuver tlas not been reported Has not been reported
, K=.50 Gold Standard: Myelography
Neck Distraction™"'** yelograp
Sn= .40 Sp= 1.0
ULTT (may also used with CTS K= .35 Has Not Been Reported

patients)'**




Table 4
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Reported Reliability and Validity Coefficients for CTS ProvocationTests

TEST PROCEDURE

Phalen’slé.157,l60.l62-l64.l86.l99-2|3

Tinelyslé.l57Al60.162~164.l86.l99-201_203<2]4

160.186.199-201,209.215.216
CcCcT's! !
213.217

RELIABILITYS

Intrarater K= .53
Interrater K= .63
Intrarater K= .80

Interrater K= .79 -

Has not been reported

VALIDITY#
*Sn= 48 - .88
Sp=.32-.90
Sn=.25-.74
Sp=.59 - .97
Sn=.21 - .89
+Sp=33 - .96

#Gold standard is NCS or NCS & compatible CTS symptoms in almost all cases (see Table 6 for detail)

$Reliability coefficients come from a single study®'?
*Extreme value of .11'® has been reported

+Extreme value of .08'° has been reported
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TEST/Study

METHODOLOGICAL PRINCIPLE

Phalen’s and Tinel’s

Borg et.al'™

De Krom et. al.'®
De Smet Let. al.””’
Durkan J4'*
Gellman H et. al.”"!
Golding DN et. al.'®

Gonzalez J et. al.*”

Heller L et.al.’”

Katz JN et. al."®
Kuschner SH et. al.**®
Mossman SS et. al.?!
++Phalen GS"’

Novak CB et. al.”’"!

Rietz KA et. al*™
Stewart JD et. al.(Tinel's
207

only)
Seror P (Phalen’s only )™
Seror P (Tinel’s only)*'®

Szabo et. al.?"?

Tetro MA®”
Williams TM*'"°

Gelmers HG (Tinel’s only)’"”

Clear
Operational
Definition?
P=No: T=No
P=Yes: T-Yes
P=Yes: T=No
P=Yes; T=N
P=Yes: T=N
P=No; T=No
P=Yes:T=Yes

P=Yes; T=No
P=Yes: T=Yes

P=No; T=Yes
P=Yes; T=No
P=Yes: T=Yes
No
Yes
No

P=Yes; T=No

P=Yes; T=No

P=Yes: T=No .

Gold Standard

NCS
NCS/CTS Sx’s
NCS

NCS
NCS/EMG
NCS

Clinical exam
abnormalities
and surgical
relief
NCS/EMG
NCS/EMG

NCS/EMG
Clinical opinion

Clinical Sx’s

NCS/Clincal
Sx’s

NCS
NCS/EMG
Surgical relief
of symptoms
NCS/EMG

Clinical Sx’s

Spectrum?

3;a
U;a
U,a&b
3;b
2;b
3;c
2;b

U;c
U.c

3; unknown
3ic

U.c

U;b

U; b

2:a,&b

U; b
U:b

Bias?

2% 3*
None
2*’3*
2% 3*
1,2% 3*
2* 3%
2*,3*

2% 3%

None

1,2%3*
1,2,4
2% 3%

2% 3*
2% 3%
2% 3%

2*%3%4

2% 3%
2%

P= Phalen’s
T= Tinel’s

*= Report did not exclude possibility

U= Unknown

++= Retrospective




Figﬁre 9 (cont'd)

Types of Bias: 1= Work-up Bias
2= Diagnostic-Review
3= Test-Review
4= Incorporation
Spectrum: Target Condition Severity (stated or per NCS/EMG findings)-
1= Mild/moderate
2= Severe
3=1& 2 above
Control Group
a=Other or competing conditions, similar symptoms
b=Asymptomatic. “normal” subjects

c=None

Figure 9: Study Methodology for Phalen’s Test (P) and Tinel’s Sign (T)
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TEST-Study METHODOLOGICAL PRINCIPLE

Clear Gold Standard Spectrum?
ccT Operational
Definition?
Durkan JA™ Yes NCS 3:b
Durkan JA*" Yes NCS/CTS Sx’s ~ 3;b
Gonzales J et. al.?” Yes Clinical exam 2;b
abnormalities
and surgical
relief
De Krom MC et. al.'® Yes NCS/CTS Sx’s  Usa
De Smit Let. al.'” No NCS Ua&b
Tetro MA et. al.’” Yes NCS Usb
Mossman™' No NCS/EMG 3; unknown
Szabo et. al.’" Yes Surgical relief 2
of symptoms
Wainner RS et. al.”' Yes NCS 3.c

Bias?

2% 3%
2% 3*
2% 3%

None

2% 3*

.2*’3*

1,2%,3*
2% 3*4

*= Report did not exclude possibility
U=Unknown
Types of Bias: 1= Work-up Bias
2= Diagnostic-Review
3= Test-Review
4= Incorporation
Spectrum: Target Condition Severity-
1= Mild/moderate
2= Severe
3=1& 2 above
Control Group
a=Other or competing conditions, similar symptoms
b=Asymptomatic, “normal” subjects

c=None

Figure 10: Study Methodology for CCT
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There is a dearth of research related to the efficacy of provocative tests for the diagnosis
of CR. In contrast, a great deal of literature has been published regarding the efficacy of
provocative tests for the diagnosis of CTS but due to the range of findings, few
conclusions can be drawn. It is clear from the available evidence that the reliability and

validity of commonly used provocative tests for the diagnosis of CR and CTS is not well

established.

2.4.2 Common Patient Self-Report Measures

All but two of the patient self-report instruments assessed in this study are HSAM.
Health status assessment measures can be used for three broad purposes which have been
described as discriminative, predictive, and evaluative.'** A discriminative instrument is
used to distinguish between individuals or éroups based on an underlying dimension
without reference to a gold standard. A predictive insfrument is used to classify
individuals into distinct categories based on comparison with a gold standérd in order to
identify individuals who have or will develop a target éondition or outcome. An

. . .. . . 142
evaluative instrument is used to assess clinically meaningful change over time

An HSAM that demonstrated excellent psychometric properties for all three purposes
mentioned above would be ideal. However, properties of an instrument that maximize
one of the previously mentioned three purposes is likely to limit the ability of the
instrument to fulfill the other two purposes well.'*? Several psychometric properties are
essential before a HSAM or any patient self-report instrument can be meaningfully used
for the patient management and include: reliability, validity, internal consistency, and
responsiveness to clinical change.?” The psychometric properties of the all the patient

self-report instruments included in this study are acceptable and are discussed below. >
223

Clinicians have been reluctant to incorporate valid patient self-report instruments, in
particular HSAM, into clinical practice despite the fact that they have been available for
the last 20 years and are often more valid, reliable, and responsive than the traditionally

used clinical examination measures of impariment.'**??* A reason often given for this
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reluctance is that they impose an excessive time burden on both the patient and
practitioner.'** Therefore, the use of patient self-report instruments in patient care should
be done in a parsimonious fashion. If the self-report instruments used in this study are
capable of fulfilling more than one purpose (discriminative, predictive, evaluative), then
both clinician and respondent burden will be eased and it may facilitate more frequent use

in clinical practice. Copies of all patient self-report instruments are located in

appendix B.

The Neck Disability Index (NDI): The purpose of the NDI is to evaluate change over
time in patients with neck pain. Vernon and Mior developed the NDI by modifying the
Oswestry Low Back Pain Disability Index, which is a region-specific self—réport measure
of disability for patients with low back pain.?*® The authors first identified issues and
activities considered most relevant to assessing the needs of patients with neck pain and
submitted them to a group of clinical practitioners for review and consensus rating. The
resulting items were then pilot tested in a group of 5 patients with whiplash injury. The
final NDI consists of five items from the original Oswestry Index, two of which were
revised considerably, and five new items. Seven of the items are related to activities of
daily living, two are related to pain, and one item addresses concentration (ability to
read). The original Oswestry Index format was retained and the terminology of the
response statements were modified and made relevant for patients with neck pain. The
six response statements are scaled from 0 to 5, with 0 representing no involvement or
difficulty and 5 representing severe involvement or difficulty. The total NDI score is
derived by summing the ratings of all 10 items so that a score of 0 represents good
function while a score of 50 represents poor function. Riddle and Stratford successfully
used an alternative scoring strategy that is similar to that of the Oswestry and accounts
for items left blank by respondents. A percentage score is obtained by dividing the
patients score by the maximum possible score for the number of items answered.”’
Although developed as an evaluative measure for patients with whiplash and chronic

neck pain, the NDI has also been evaluated in patients with a wide variety of acute and

. . 225
chronic neck disorders.?2*%%




Vernon & Mior administered the NDI to 17 patients during an initial visit and then two
days later, prior to the initiation of treatment. Test-retest reliability was reported as a
Pearson r of .89 and internal consistency of the instrument was good (Chronbach’s
alpha=.80).m Binkley also found the NDI to have a high level of test-retest reliability
(ICC=.89) when administering the instrument 3 days apart in a sample of 31 patients
suffering from a variety of neck disorders.*° Construct validity of the NDI is good and
has been assessed in multiple settings using a variety of methods. Vernon and Mior
found the NDI to be moderately correlated with a pain VAS (r=.60) and total scores from
the McGill Pain questionnaire (r=.70).”*° In the study by Riddle et. al., the NDI was
moderately correlated with clinician prognosis ratings (r=.66) as well as the physical
(PCS; r=.53) and mental (MCS; r=.47) component summary scales of the Short-Form
Health Survey (SF-36).225 In addition, th_e NDI was more responsive than the PCS and
MCS for detecting change in functional status between patients with different work status

due to neck pain (altered vs not altered). Binkley reported a minimal level of detectable

change for the NDI of 4.2 points.?* -

Brigham and Women’s Hospital Hand Symptom Severity Scale (SSS) & Function Status
Scale (FSS): The purpose of the SSS and FSS is to evaluate change over time in patients
with CTS. The hand SSS and FSS were developed by Levine et. al. in 1993 as condition-
specific scales to be used in the evaluation and assessment of outcome in patients with
CTS.?' The SSS consists of 11 statement items related to six domains said to be critical
for the evaluation of CTS. These six domains, identified by a panel of hand surgeons,
rheumatologists, and patients, include: pain; paresthesia, numbness; weakness; nocturnal
symptoms; and over-all functional status. Each statement is rated by the patient ona 1
point (mildest) to five point (most severe) Likert scale. An overall SSS score is obtained
by calculating the mean of the 11 individual items. A higher overall SSS score represents
more severe symptoms and lower scores milder symptoms. The FSS consists of eight-
items related to a variety of activities commonly performed by a broad spectrum of

patients (i.e. young and elderly, workers inside and outside the home).
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Each activity is rated by the patient on 1 (no difficulty) to 5 (cannot do at all) Likert
scale. An overall FSS score is obtained by calculating the mean of the 8 individual items.
A higher overall FSS score represents greater disability and and lower scores are

representative of less disability.

The psychometric properties of both the SSS and FSS are acceptable. Levine et. al.
assessed the test-retest reliability of both scales in a sample of 67 patients with confirmed
CTS. Each scale was administered on two consecutive days and Pearson correlation
coefficient’s of .91 and .93 were computed for the SSS and FSS, respec:ti.vely.221 Because
no universally accepted gold standard exists for measuring the severity of symptoms or
functional status of the hand, scale validity was assessed by correlating the SSS and FSS
scores with impairment measures.'** It was hypothesized that more severe symptoms
would be positively but weakly correlated with greater sensory and functional limitation
measures. All correlations were in the expected direction and ranged from weak to
modest. The following Spearman correlation coefficients were obtained: grip strength
and pinch strength= 38 and .47 for the SSS and .50 and .60 for the FSS, respectively and
two-point discrimination=.15 (SSS) and .42 (FSS). Internal consistency, as measured
by Chronbach’s alph, was reported to be .89 for the SSS and .91 for FSS. An effect size
of 1.1 for the SSS and .71 for the FSS was obtained three months after surgery and

indicated that both scales are sensitive to change in post-surgical CTS patients.

The psychometric properties reported by Levine et. al. for the SSS and FSS have been

replicated by other authors in multiple clinical settings,”” study designs,”"*

and with
patients receiving worker compenstation.””” In addition, both the SSS and FSS have
been shown to be more responsive than physical examination measures and generic or

region specific patient self-report measures.**

Hand Diagram & 10-cm visual analogue scale (VAS): Pain drawing instruments or

diagrams have proven useful for diagnostic and predictive purposes in patients with

16.223,230,231 232.233
CTS,

patients with low back pain, and are used primarily for

psychological screening purposes. A pain diagram is usually administered by having the
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patient mark the location of their symptoms on an anatomic diagram with symbolic
markings descriptive of symptoms. The hand diagram developed by Katz and Stirrat for
use in the evaluation of patients with CTS consists of anatomic images that depict the
anterior and posterior surfaces of the left and right hands as well as the entire left and
right upper extremities.”*> The hand images are located in the in the center of the page
and bordered by the upper extremity images on each outside corner. In addition, a 10cm
VAS for pain intensity is included at the bottom of the instrument. The 10cm pain VAS
has been used extensively as an indicator of patient response to treatment and possesses
construct validity,m’235 is responsive to change,236 and has excellent test-retest reliability
(=.99).2" The original descriptors used by patients to complete the hand diagram were
pain, numbness, tingling, and decreased sensation,?2> with a marking symbol peculiar to
each descriptor. In a later study the authors collapsed the descriptors of numbness,
tingling, and decreased sensation into a single response category because they frequently
overlapped and it was difficult for some to distinguish the difference between these
descriptors.231 The diagram is graded by classifying the patient as having classic,

probable, possible and unlikely CTS based the areas of the diagram that are marked.

In a sample of 63 patients treated for upper extremity paresthesias, the sensitivity and
specificity of the Hand Diagram was reported to be .80 and .90, respectively.m Intra and
Inter-rater reliability was determined for 54 randomly selected Hand Diagrams and
reported as a percent agreement of 91% and 84%, respectively.”* This initial report was
retrospective and CTS prevalence was 88%, which limited conclusions about the validity
of the Hand Diagram. However, other large, prospective trials assessing the diagnostic
accuracy of the Hand Diagram alone and in combination with other diagnostic tests have
reported sensitivities that range from 61" to .64 ° and specificities that range from and
71' to .73%°, respectively. There is limited evidence that the hand diagram may be
useful for prognosis in patients with CTS who are treated surgically.n1 Later studies
included patients with a variety of upper extremity disorders, workers compensation
cases, and are of stronger methodological quality. In summary, the Hand Diagram
appears to be a useful self-report instrument for the diagnosis of CTS and may be useful

for predicting outcome in surgically treated patients.
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The Fear Avoidance Behavior Questionnaire (FABQ): Lethem and Slade et. al. proposed

the Fear-Avoidance Model of Exaggerated Pain Perception which is based on data
concerning the pain coping strategies used by patients.m'239 The model proposes that an
individual’s response to pain can be described on a continuum: from a minimal fear of
the painful symptoms and motivation to continue normal activities to the greatest extent
possible, to a strong fear of painful symptoms and an avoidance of painful activities.
Patients who respond in the former manner may be described as “confronters” and those
in the latter manner as “avoiders”. Confronters will tend to rehabilitate themselves while
avoiders become increasingly deconditioned and disabled as a result of their avoidance

behavior.

The FABQ is a self-report measure developéd by Waddell et. al. in order to measure the
fear-avoidance beliefs of low back pain patients.222 The FABQ consists of 16 items and
has a two factor structure. One factor concerns fear-avoidance beliefs related to work (11
items) and the other factor concerns fear-avoidance beliefs related to general physical
aétivity (five items). The FABQ has been demonstrated to have acceptable pAsychometric

propertitas.222

In a prospective study of 300 patients with acute low back pain, Klenerman et. al. found
the FABQ and several other indicators of fear-avoidance beliefs to be the best predictors
of which patients condition would become chronic.2* Fritz et. al. found the work FABQ
to be the best predictor of return to work at four weeks for a group of 67 patients with
occupationally related acute LBP: sensitivity was perfect Sn (1.0) and Sp was.63 when a
cut-off score of 30 is used (LR+=2.7, LR-=.02)2*" The FABQ has not been used to
predict chronicity for patients with CR or CTS. The use of the FABQ for patients with
CR and CTS in this study is considered acceptable for the following reasons: the fear-
avoidance model is based on the coping strategies of patients with a variety of
conditions:>*%*’ the FABQ has acceptable psychometric propex‘ties;222 and the FABQ
assesses factors that would not be limited to patients with LBP (i.e. fear of pain related to

work and general physical activity)”**”
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3.0 RESEARCH HYPOTHESES

1. Reliability: the clinical examination variables listed below will demonstrate the

following specified levels of reliability?*29°°!4

a. Excellent (K> .75 or ICC >.90)

CTS Variables ' CR Variables

Questions: 1.- “Most bothersome symptoms..”, 1.- “Most bothersome symptoms..”,

2.- “Where most bothersome..” 2 - “Where most bothersome..”
3.- “Symptom behavior..” 3.- “Symptom beha\?ior..”

4.- “Hand fat/swollen..” 6 - “Entire limb numb..”

5.- “Fumbling/dropping..” 7.- “Symptoms keep from sleep..”
6.- “Entire limb numb..” 9.- “Neck movement imprers..”

8.- “Night symptoms wake..”
10.- “Hand shaking improves..”

11.- “Wbrse with hand use..”

Wrist Ratio Neck ROM
Tinel’s A&B

b Fair to Good (K= .40 -- .75) or Good (ICC= .75 -- .90)

CTS Variables CR Variables
Phalen’s Spurling’s A & B Sensation
CCT : Shoulder Abduction ~ MMT
Sensation Valsalva MSR’s
MMT Neck Distraction

¢c. Poor (K < .40) or Poor to Moderate (ICC <.75)

CTS Variables CR Vanables

ULTTA&B ULTTA&B




2. Test Diagnostic Accuracy: the concurrent validity of the clinical examination
variables listed below will be determined to be acceptable or unacceptable based on the
following criteria.”**’

a. Acceptable (Snor Sp> .70 or LR+ > 2.0 or LR- <.50)

CTS Variables CR Variables
Questions 2,4,5,8,10, and 11 Questions 2 and 7 Valsalva
Phalen’s Sensation Neck Distraction
Tinel’s A and B MMT (Spurling’s A and B

CCT MSR Shoulder Abduction
Wrist Ratio '

Hand Diagram

b. Unacceptable (criteria for acceptability not met)

CTS Variables CR Variables
Questions 1,3, and 6 ULTT Aand B Questions 1,3, 6 and 9
Sensation 10cm VAS ULTT Aand B
MMT Neck ROM
SSS & FSS NDI
10cm VAS

3. Test Predictive Validity: As with test diagnostic accuracy, the predictive validity of
the clinical examination variables listed below will be determined to be acceptable or
unacceptable based on the following criteria..”**’

a. Acceptable (Sn or Sp > .70 or LR+ > 2.0 or LR- <.50)

CTS Variables CR Variables
Question 6 and 10 Questions 6 and 9
Wrist Ratio Neck Distraction

Hand Diagram Shoulder Abduction
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EMG/NCS EMG/NCS
FABQ FABQ

b. Unacceptable (criteria for acceptability not met)

CTS Variables CR Variables
Questions 1-5,8,10,11 Questions 1-3, and 7
Sensation Sensation
MMT MMT
Tinel’s A and B Neck ROM
CCT Spurling’s Aand B
Phalen’s Valsalva
ULTT A and B ULTT A and B
10cm VAS NDI
SSS & FSS 10cm VAS

4. Test Item Cluster (TIC):

a. It is hypothesized that for both CTS and CR, a combination of clinical
examination variables and/or patient self-report items can be identified that yield
acceptable levels of diagnostic accuracy (based on previous definition of acceptable).

b. It is hypothesized that for both CTS and CR, a combination of clinical
examination variables, and/or patient self-report items, and/or EMG/NCS findings, can
be identified that yield acceptable levels of predictive validity for type of intervention and

patient perception of improvement. (based on previous definition of acceptable).

If acceptable test inter-rater reliability, diagnostic accuracy, and predictive validity is
established for the clinical examination and patient self-report measures considered in
this study, the benefits realized include but are not limited to: interpretable test results;
more accurate clinical decision making with regard to diagnosis and treatment; more
accurate estimation of patient prognosis; and a substantial reduction in medical costs and

patient discomfort. Acceptable test reliability and validity will allow further research of
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the predictive validity of these techniques, permit their wide application in patient

outcomes research, and allow their confident application in clinical practice.
4.0 RESEARCH DESIGN AND METHODS

This was a multi-center, prospective, descriptive study designed to quantify the
reliability, diagnostic accuracy, and predictive validity of commonly used clinical

examination and patient self-report measures used to diagnose patients with suspected
CR and CTS.

4.1 Inclusion Criteria

To be eligible for participation in this study, individuals must have been aged 18 - 60
years and referred for EMG/NCS testing to rule-out CR and/or CTS. Only patients
judged by the EMG lab evaluating physician to have signs and symptoms compatible
with cervical radiculopathy or CTS were eligible to participate. In addition, the patient's
current episode of symptoms was required to exceed 4 weeks but not 12 and 24 months
duration for CR and CTS, respectively. Patients with the following conditions were
disqualified from study participation:

1. Systemic disease known to cause a generalized peripheral neuropathy.

2. Primary complaint of bilateral radiating arm pain

3. History of conditions involving the affected upper extremity which might adversely
affect the individual’s level of function

4. Off work for >6 months due to the condition.

5. Previous history of surgical procedures for pathologies giving rise to neck pain or for
CTS

6. Patients who have had previous EMG/NCS testing of their symptomatic limb for CR
and/or CTS.

All consecutive patients referred to the EMG laboratories of both Montefiore and
Presbyterian Hospital for EMG/NCS testing to rule-out CR and/or CTS received

information about the study and complete a study screening form (appendix A). If, after
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examining the patient and reviewing the screening form, the EMG lab provider
determined if the patient was eligible for study participation, the patient was asked by the
provider to participate in the study. Prior to obtaining informed consent, the study
investigators or their representative at distant participating sites explained the study in
detail to the subject. If the patient agreed and gave informed consent in compliance with
the standards of the Biomedical Internal Review Board of the University of Pittsburgh or
the Internal Review Board of the other respective participating facilities, he or she was
admitted into the study. Volunteers were also be recruited from the EMG laboratories of
the following participating Military Treatment Facilities: The National Naval Medical
Center (NNMC), Bethesda, MD; Wilford Hall USAF Medical Center (WHMC), San
Antonio, TX; and the Air Force Academy Hospital (AFAH), Colorado Springs, CO.

4.2 Methods
4.2.1 Procedure

A video tape of all clinical examination procedures and the disto-proximal NCS
technique as well as a clinical examination handbook and an EMG handbook detailing
the performance of each clinical examination measure, equipment settings, and
EMG/NCS procedures was distributed to each participating center prior to data
collection. All physical therapist raters at each participating facility viewed the tape and
read the clinical examination handbook in order to familiarize themselves with the
clinical examination measures. In addition, all raters participated in at least two practice
sessions during which all clinical examination measures, except the asking of questions,
were performed. Physical therapist raters practiced applying the specified amount of
compression or distraction force required for the Spurling test, distraction test, and CCT
using a bathroom scale, mechanical traction device, and pinch gauge, respectively. All
EMG providers viewed the tape and read the EMG/NCS handbook in order to familiarize
themselves with the disto-proximal NCS procedure, EMG/NCS equipment parameters,

and procedure protocol.

Once a patient was determined to be eligible and agreeded to participate in the study, the

patient underwent a standardized EMG/NCS examination of the affected upper quarter
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and completed the following self-report instruments which are listed in appendix B: NDI,
FSS, SSS, FABQ, VAS, and Hand Diagram. The electrophysiologic examination
consisted of established EMG/NCS procedures ®”!1264P 34133 Al EMG/NCS testing was
performed by a physician, physical therapist or evoked potential technician with

electrophysiologic testing credentials.

Within one week following the standardized EMG/NCS examination, the patient
underwent two standardized clinical examinations administered by two physical therapist
raters. The second examination was required in order to determine the reliability of the
clinical examination measures used in this study. Therapist raters 1 & 2 were blinded to
the patient’s diagnosis or suspected condition. Rater 1 obtained responses to the 11
questions related to the patient’s symptoms_ and performed the clinical examination
measures with all participating patients. If any reproduction or increase in the patient's
symptoms occurred, the therapist allowed the symptoms to return to baseline before
administering the next test procedure. Each clinical examination procedure was graded
or interpreted as previously described. Following a five-minute rest period, a second
rater (rater 2) re-administerd the clinical examination measures to the patient in an
identical manner. The 11 provocation tests were administered in alternating order with
each new patient to control for order effects. Rater 2 did not administer the 11 questions
of history to the patient prior to the examination but obtained patient responses 2-3 days
following the examination. The 11 questions of history were administered to the patient
by Rater 2 at the next follow-up visit or by telephone. The delay in obtaining responses
to questions of history by Rater 2 was required to prevent item recall by the patient,
which could confound the interpretation of reliability. The clinical examination results

obtained by the first PT rater were used for all computations of diagnostic test accuracy.

All patients were mailed a 15-point GRCS six-weeks from the date of their initial clinical
examination and were asked to rate their improvement. Patients were also mailed a
treatment form and asked to document whether they had surgical intervention and list all
non-operative treatment interventions they had received since their initial examination.

All clinical evaluation forms are contained in appendix C.




4 2.2 Patient Demographic Data and Past Medical History

The following demographic data was collected: age, gender, specialty from which
referred, workers compensation and litigation status, and employment status. Past
medical history data was collected and included any previous or existing medical
conditions, risk factors for generalized peripheral neuropathy, information related to the
onset and duration of the current episode of symptoms, and whether or not the patient has
had previous evaluation and treatment for the current condition. The EMG/NCS provider
documented his or her suspected diagnosis for the patient as well as the diagnosis
suspected by the referring provider. In addition, the EMG/NCS provider reviewed the
patient’s medical record and documented the findings of any available imaging studies,

prescribed medication, and conservative treatments related to the patient’s-condition.

4.2 3 Standardized Electrophysiologic Examination

Surprisingly, little has been published to document the reliability of either standard NCS
measurements (latency, velocity, amplitude) for the median and ulnar nerve’** or the
needle EMG examination. Two studies that used analysis of variance and paired t-tests
found no differences in latency means in test-retest studies®**** but this approach is
inadequate for establishing reliability.?*” In one recent unpublished study, Moore et al.
found excellent intrarater reliability within a single measurement session for both distal
sensory latencies (DSL) (ICC 2,1 = 0.98) and distal motor latencies (DML) (ICC 2,1 =
0.98).2*%

A reliability coefficient has not been reported for the intra or inter-rater reliability of the
needle EMG examination. However, needle EMG is the most sensitive
electrophysiologic procedure for detecting axonal loss occuring in cervical and lumbar
radiculopathies™*® and multiple studies have documented its strong positive association
with myelography, computed tomography, and surgical findings (percent agreement=
75%, (95CT 61% 95%)7*7", 89%, (95CI 80%-98%)**, and 78%-90%> 7777
respectively). Because of its strong association with mulitiple other diagnostic studies and
surgical observation, the reliability of the EMG examination may be considered

acceptable.
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Following a history and neuromusculoskeletal screening examination, the EMG/NCS
tester (Tester) thoroughly explained all EMG/NCS testing procedures to the patient and
answered any questions. The patient was asked to lie supine on an examination table
with the symptomatic limb toward the Tester. The temperature of the limb to be tested
was assessed using a standard surface thermistor placed in the palm of the hand to be
tested at the level of the metacarpal head. Hand temperature was >32° C prior to NCS
testing. The area over which the electrodes were placed will was cleansed with an
alcohol swab in order to decrease skin impedence. If the patient’s hand temperature was
<32° C, the hand was placed in water warmed to 34 - 40° C and reassessed until hand

temperature reached the acceptable limit 4PP-29-64

All EMG/NCS units had a current equipment safety rating prior to use. The instrument
settings listed below were used as default parameters for the respective test procedures.
Equipment settings were changed in order to obtain clear and interpretable test responses
when technical difficulties were encountered. Any changes made to default parameters

during testing were documented.
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Electromyograph Instrument Parameters

A. Orthodromic evoked SNAP/CNAP:
1) Gain:
SNAP 20uV/division,
CNAP 20-50uV/division
2) Sweep speed: 1ms/division
3) Filter: 20 - 5000 Hz

4) Stimulus duration: .1 ms

B. Evoked CMAP
1) Gain: 2mV/division
2) Sweep speed: 2ms/division
3) Filter: 20 - 10,000 Hz

4) Stimulus duration: .1 ms

C. H-Reflex

1) Gain: 500 - 1,000uV/division
2) Sweep speed: Sms/division
3) Filter: 20 - 10,000 Hz

4) Stimulus duration: .5 ms

D. EMG
1) Gain:
Instertional &
spontaneous- 50 -100uV/division
Recruitment- 1,000uV/division
2) Sweep speed:
Insertional &
spontaneous-10ms/division
Recruitment- 10ms/division and
100ms/division

3) Filter: 20 - 10,000 Hz

Commercially available tape, conductive gel, surface bar, and surface disc electrodes

were used for nerve conduction studies. All electrode surfaces were wiped with alcohol

between patients. Commercially available disposable 40mm or 50mm monopolar needle

electrodes were used for all EMG testing. Used electrodes were disposed of in

receptacles designated and approved for such use (i.e. sharps bucket).

Nerve conduction studies were performed first, followed by needle electromyography.

All distances used for electrode placement and to calculate NCV were measured along

the anatomic course of the nerve with a tape measure and recorded in millimeters.
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Nerve Conduction Procedures: The stimulator was set to zero prior to each nerve

conduction test. For each nerve study, the patient was notified prior to nerve stimulation.
Several stimuli of gradually increasing intensity were delivered until a maximal response
was obtained ****** Evoked response parameters were measured and recorded for each

response in the following manner:

1. Amplitude (microvolts) - peak-to-peak for SNAP/CNAP responses and baseline-to-

peak for motor responses

2. Latency (milliseconds)- peak for SNAP/CNAP responses and departure from baseline

for motor responses.

3. Nerve conduction velocity (M/s)- NCV is the quotient obtained by dividing the nerve
segment distance in millimeters by the relévant nerve segment latency in milliseconds.
For median and ulnar motor nerves, the relevant nerve segment latency is first

obtained by subtracting the distal motor latency from the proximal motor latency.

The following NCS protocol was performed in order and in a standard, previously

. 113.250,64pp.29-64
reported fashion. oee

1. Median and ulnar nerve orthodromic palmar CNAP @ 8.0cm (latency & amplitude)
2. Median SNAP distal-proximal ratio (latencies & NCV’s):

Stimulation site: Ring electrodes placed on the third digit (D3), cathode proximal

Recording site 1: midpalm- After obtaining an evoked potential the ring to D3
latency is recorded. Next, the NCV for the distal segment (D3 to palm) is
calculated by dividing the measured distance by the latency.

Recording site 2. proximal wrist crease- After obtaining an evoked potential, the

proximal segment latency (midpalm to proximal wrist crease) is obtained by
subtracting the distal segment latency (obtained in the previous step) from the ring
to prox wrist crease latency. NCV for the midpalm to proximal wrist crease
segment latency is then calculated. This is done by subtracting the distal latency
(midpalm to D3) from the proximal latency (midpalm to proximal wrist crease).

The NCV for the proximal segment is then calculated by dividing the measured
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midpalm to proximal wrist crease segment distance by the calculated latency for

that segment.

Calculate the distal-proximal ratio; Divide the NCV of the D3 to mid-palm
segment by the NCV of the mid-palm to proximal wrist crease segment to obtain
a proportion.

3. *Ulnar orthodromic SNAP @ 14cm (latency & amplitude)- done only if palmar CNAP

is prolonged or technically unobtainable

4. Median and Ulnar distal CMAP @ 8cm (latency & amplitude)

5. Median and Ulnar NCV (latency, amplitude, and NCV)

Forearm segment- median and ulnar nerve

Elbow segment- ulnar nerve

6 *Median and Ulnar F-wave (latency)- done only in the absence of motor latency
abnormalities or NCV abnormalities for each respective nerve.

7. H-Reflex- record flexor carpii radialis affected side (latency)

8. *If the median orthodromic CNAP or median distal-proximal NCV ratio is abnormal,
then step 1) and 2) will be repeated on the opposite hand. If the median study of the
asymptomatic side is abnormal, then step 4) will be repeated.

9. H-Reflex- record flexor carpi radialis opposite side (latency)

*Conditional procedures

@

Needle Electromyography Procedures: The skin of the limb to be sampled was cleansed

with an alcohol wipe prior to needle electrode insertion. Each of the following muscles
was examined for insertional, spontaneous, and recruitment activity in the following
manner; mid and lower cervical paravertebral muscles, deltoid, triceps brachii, extensor
carpi radialis longus/brevis, flexor carpi radialis, abductor pollicus brevis, and first dorsal
interrosseus.

1. Insertional activity- Observed and recorded as normal, increased, decreased, for each
muscle sampled.

2. Spontaneous activity- For each muscle site sampled, the tester utilized the standard
quadrant/level method for a total of 12 observations at each sampling site.**?**** Care

was taken so that no electrode movement occured when making a determination of the
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presence or absence of spontaneous activity. Spontaneous activity in the form of
fibrillations and positive sharp waves (PSW) was graded 1+, 2+, 3+, or 4+. The presence
and type of other spontaneous wave-form activity was documented as appropriate.

3. Motor unit analysis- Motor unit action-potential (MUAP) activity, consisting of
recruitment and morphology, was assessed at least once for each limb muscle site
sampled at a gain of both 100uv and 1,000uv; MUAP activity of paracervical muscles
was not be assessed. The recruitment frequency/number (ratio) method was used to
assess MUAP recruitment. The assessment of MUAP morphology was made when rise
time was maximal (<500us) and included both number of phases and amplitude. Motor

unit morphology was graded as normal or increased polyphasic, and motor unit

amplitude was graded as normal, increased, or decreased. ' !

Additional Procedures: Other EMG/NCS procedures or additional muscle sampling were

performed as indicated from the clinical examination and were based on the Tester’s
opinion. The EMG provider documented all additional EMG/NCS procedures performed

and/or additional muscles sampled.
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Grading & Interpretation: For NCS procedures, the following previously established

normal values listed in Table 2 were used in this study :

Table 5: Type of NCS Studies and Associated Normal Values

. H-Reflex- flexor carpii radialis

<19.0o0r
<£1.0ms R/L diff or
Scalculated latency

STUDY PARAMETERS
Latency (ms) Amplitude (uV) NCV (M/s)
STUDY <22o0r Med >40 -
<3 med/uln diff Uln 211 -
. Median and Ulnar midpalmar CNAP @ 8.0cm.
. Median SNAP distal-proximal ratio: - - Ratio <1.0
a. 3" digit to midpalm (NCV)
b. midpalm to wrist (NCV) (10cm separation
of midpalm and wrist cathode recording
sites)
c. Calculate distal-proximal NCV ratio by
dividing a. NCV by b. NCV
. Ulnar SNAP @ l4cm. <3.7 >12 -
. Median and Ulnar distal CMAP >4.3 Med 25000 -
>3.6 Uln >5000
) >32.0 or
. Median and Ulnar F-wave < $ms med/uln diff B _
. Median and Ulnar NCV
median and ulnar nerve in forearm - >5000: >50
ulnar nerve across elbow <20% drop from

prox/dist. stim site

(.29 + .1905(arm Iength cm)+.84)

Each NCS was graded as abnormal if it exceeded normal values for that study.




For needle EMG procedures, the following previously established criteria were used to

grade insertional activity, spontaneous activity (fibrillations and PSWs), and MUAPs:

1. Insertional Activity:

Normal- electrical activity persists no longer than 50ms following cessation of

needle electrode movement.

Increased- electrical activity persists longer than 50ms following cessation of

needle electrode movement

Decreased- few if any electrical potential detected during or following needle

electrode movement

2. Spontaneous Activity: Graded in accordance with Figure 11 below.
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Figure 11: Spontaneous Activity Characteristics and Grading
Grading Characteristics
0 No fibrillations or PSW
1+ Persistent/unsustained single trains in at least two sites of muscle sampled
2+ Moderate numbers in three or more sites of muscle sampled
3+ Many in all muscle sites sampled
4+

Baseline obliterated with fibrillation potentials in all muscle sites sampled

Other types of spontaneous activity consistent with denervation, when observed,

were documented.

3. Motor Unit Action Potential (MUAP) Recruitment Analysis:

Normal- frequency of preceding motor unit 5-10Hz prior to recruitment of a

successive motor unit.
Decreased- Ratio of fastest firing MUAP and number MUAPs observed >10.
Increased- Ratio of fastest firing MUAP and number MUAPs observed < 3.

4. MUAP Morphology Analysis:
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Waveform morphology was observed with the needle electrode in close proximity to
MUAP as evidenced by crisp sound and MUAP rise time <500us.
Normal- MUAPs consisting of 2-5 phases of #10 - 15ms in duration and <6000uV
amplitude
Abnormal- Multiple MUAPs present with 6 or more phases > 10 - 15ms duration,
Multiple MUAPs with amplitude > 6000uV, a combination of the previous two

finding, or most MUAP’s with amplitude <1000uV amplitude.

Classification: The results of the EMG/NCS examination consistent with CR and

consistent with CTS were used to classify patients according to severity of findings for

each respective condition.

1. Normal- No abnormalities noted

2. Unilateral median nerve (CTS) abnormalities: "%’
Mild- any abnormal median sensory latency or disto-proximal ratio. All other
sensory and motor NCS parameters normal.
Moderate - abnormal sensory or disto-proximal ratio and distal motor latency.
CNAP amplitude may be diminished but >50% of normal. Motor NCV normal.
Pronounced- abnormal sensory and distal motor latency. CNAP amplitude <50%
of normal. CMAP amplitude may be diminished but >50% of normal. Mild
slowing of forearm NCV may be present (>45 M/s) and spontaneous activity may
be noted on EMG exam.
Severe- Absent CNAP, abnormal distal motor latency, CMAP amplitude <50% of
normal or absent. Mild (>45 M/s) slowing of forearm NCV may be present and
EMG abnormalities are present.

3. Bilateral median (CTS) abnormalities (each hand classified as above according to

severity).

4 * Classification number 2 or 3 above with concomitant ulnar nerve abnormalities

5. Radiculopathy abnormalities:
Mild- H-reflex abnormality alone and/or 1+ spontaneous activity in one or more

muscles. Other EMG/NCS parameters normal
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Moderate- 2+ - 3+ spontaneous activity in two or more muscles. Increased
recruitment, polyphasicity, and increased amplitude/duration of some MUAP’s
may be observed
Severe- 3+ - 4+ spontaneous activity in two or more muscles. Either increased
recruitment ratio, polyphasicity, or increased amplitude/duration of many
MUAP’s is observed.
6.** Radiculopathy with concomitant CTS (double crush; both conditions classified
according to their respective severity scales)
7.%* Other: EMG/NCS studies consistent with other peripheral neuropathy or myopathy.
*Subjects classified in groups 4 & 7 will be eliminated from the study based on
inclusion/exclusion criteria.

**Data from subjects classified in group 6 will be analyzed separately in a descriptive

fashion.

4.2.4 Diagnostic Tests

4.2.4.1 Clinical Examination Procedures

Questions of History: All patients were asked 11 questions of history related to their

signs and symptoms in the manner previously described. These 11 questions along with

their respective possible responses are listed in appendix C.

Conventional Neurological Examination of the Upper Extremity:

Strength testing was conducted through manual muscle testing of the deltoid (C5), biceps
brachii and extensor carpi radialis longus/brevis (C6), triceps brachii and flexor carpi
radialis (C7), abductor pollicus brevis (C8), and dorsal interossei (T1). All manual
muscle testing was conducted using the methods of Kendall and McCreary and
performed with the subject sitting.**' The deltoid was tested by resisting shoulder
abduction. The biceps brachii was tested by resisting elbow flexion with the forearm
supinated. The extensor carpi radialis longus/brevis was tested by resisting wrist
extension from a neutral forearm position and 90° elbow flexion. The flexor carpi

radialis was tested by resisting wrist flexion from a neutral forearm position and 90°
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elbow flexion. The triceps brachii was tested by resisting elbow extension from a
position of 90” of elbow flexion. The abductor pollicus was tested with the forearm
supinated and wrist in a neutral position. The first dorsal interossei was tested by

resisting abduction of the first finger. The result of each muscle test was graded as

“absent”, “markedly reduced”, “reduced”, or “normal”

Muscle stretch reflexes of the bicep (C5-6), brachioradialis (C5-6), and Triceps (C7) were
tested bilaterally using a standard reflex hammer. The result of each muscle stretch

reflex was graded as “absent”, “reduced”, “normal”, or “hyper/increased” as compared

to the unaffected extremity .

Sensation testing was performed by testing sensitivity to light touch for the different
cervical dermatomes (C5-C8) and discrete areas of median nerve cutaneous distribution
(palmar surface of digits 1 — 3). Testing was performed by having the examiner touch the
skin in a key area for each respective sensory level with a disposable paper clip that was
discarded following testing. A new paper clip was used for each patient. Each
dermatome level of the right and left upper limb was tested sequentially. The C5
dermatome was tested over the deltoid muscle, C6 along the radial aspect of the second
metacarpal and index finger, C7 on the mid-posterior forearm and dorsal aspect of the
middle finger, and C8 along the medial border of the 5™ finger. The discrete areas of
median nerve cutaneous distribution were tested by comparing the palmar cutaneous
distribution of digits 1-3 with the cutaneous distribution of the thenar eminence and
midpalm area. The result of each sensory test was graded as “absent”, “reduced”,

2

“normal”, or “hyperesthestic” in comparison to the unaffected extremity.

Range-of-Motion and Wrist Diameter Measurements: The cervical ROM measures

obtained in this study include: flexion, extension, bilateral side-bending, and bilateral
rotation and were obtained in the following manner: While seated in a chair and prior to
measurement by a physical therapist rater, the patient was asked to assume a neutral neck
position satisfactory to both the patient and examiner. Once an acceptable neutral

position has been assumed, the therapist applied a piece of colored tape to the wall at eye
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level. This was referred to by the therapist as the "neutral position". The patient was
then asked to perform warm-up movements consisting of two repetitions in each motion
direction. Immediately following the warm-up procedure, the rater recorded a single
ROM measurement for flexion, extension, and bilateral side-bending using a bubble

170

inclinometer as described by Hole."™ Bilateral rotation was measured using a standard

long-arm goniometer

The wrist-ratio index is a proportion derived from the ratio of anterior-posterior
(numerator) and medial-lateral (denominator) wrist width measured in centimeters. A
single pair of sliding calipers was used to measure both anterior-posterior and medial-

lateral wrist width. From these measurements a wrist ratio index was computed.

Provocation Tests: Provocative tests were performed sequentially according to

operational definition. The starting order for testing was varied in a systematic fashion to
prevent the confounding influence of order effects. Starting with the first subject, the
Rater began the clinical examination by administering the first test or measure on the
testing list. For the second subject, the rater began with the second clinical examination

measure on the testing list. This procedure was continued for each successive subject.

An increase or decrease in symptoms refered to the symptoms associated with the
patient’s condition, not discomfort or pain associated with the test procedure that is
unrelated to the patient’s condition. The following phrase was used when the patient was
questioned regarding the influence of a test procedure on their symptoms: "Did that

increase or decrease your symptoms in any way?"

The following provocative tests were performed in this study:

1. Neck Compression Test (method A) 5. Valsalva Maneuver
2. Neck Compression Test (method B) 6. Upper Limb Tension Test (ULLT
3. Distraction Test A)

4. Shoulder Abduction Test
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7. Upper Limb Tension Test (ULLT B) 10. Phalen’s Test

8. Tinel’s Sign (method A) 11. Carpal Compression Test
9 Tinel’s Sign (method B)

4.2.4.2 Patient Self-Report Measures: Prior to the EMG/NCS examination, patients

completed the following self-report measures: NDI, Brigham and Women’s Hospital

SSS/ESS, Hand diagram and 10cm VAS; and FABQ.

4.2.5 Patient Qutcome Gold Standard

At six-weeks, a follow-up form was mailed to all patients. In addition to the GRCS, the
form listed questions and corresponding responses inquiring about the patient’s surgical

and conservative treatment history since enrollment in the study.

All self-report forms, including the follow-up form, are listed in appendix B

4.3 Data Analysis

In addition to the analyses of diagnostic accuracy and predictive validity described
below, descriptive statistics (mean, frequency, range, and standard deviation) were
computed for all variables of the clinical examination, patient self-report instruments, and

EMG/NCS findings, dependent upon the appropriate scale of measurement.

4.3.1 Hypothesis #1 - Reliability

The first hypothesis to be tested is the inter-rater reliability of all clinical examination
items. Reliability coefficients for the patients self-report measures used in this study
have been previously reported and will not be reassessed.

Reliability has been defined as the consistency of a measurement when all conditions are

thought to be held constant.?’?

Reliability reflects the degree to which a score is free
from errors of measurement and may be described as the percentage of score that is
information (signal) as opposed to random error (noise).253 A reliable test or measure has
at least three aspects: 1. Repeated measurement should be expected to repeat the same

score on two different occasions; 2. Measures obtained can be depended on to give a
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close approximation of the true score; 3. Allows one to generalize what will occur on
future measurement occasions. >** Reliability is a prerequisite for validity.**? Therefore,

validity can only be meaningfully interpreted when a measure is reliable.

The use of an unreliable measure may result in several undesirable consequences.
Unreliable measures will attenuate correlations between variables and thereby diminish
the ability to detect a relationship if one exists. A direct result of this attenuation is the
need for increased sample sizes to obtain a significant effect in clinical trials. Unreliable
measures will also contribute to biased samples.”* Strube has described a number of
different reasons that may cause a test or measure to be unreliable. Sources of
unreliability include: examiners perform the test or measure differently; examiners
perform the test or measure similarly but different standards are used as anchor points;

256

and examiners enter data differently, resulting in coding errors.” Miscommunication

and lack of understanding may also contribute to unreliability.

Another reason for unreliability is the lack of variability in the item of interest.
Reliability indices (Txx) are a ratio of the variance of interest over the sum of the variance

of interest plus error as depicted below.** It is clear from this ratio that in order for an

index of reliability to be interpretable, there must first be variability to explain.

Ixx = true score variablity

true score variability + error variablility

Finally, unreliability may result from disagreement among the raters. In this latter case,
there may be no way to modify the procedure in order to achieve reliability and the

measure will no longer be useful.***

Reliability estimates rely on measurement models and their assumptions. The
measurement scale of the data determine which model is appropriate for obtaining a
reliability coefficient ”** Bartko has described three approaches for estimation of the

reliability of nominal or categorical data.*” The first is descriptive and merely computes
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the percentage of agreement between raters. A second approach is to use a coefficient of
association such as the Phi or Spearman Rho statistic for dichotomies or rank-order

. 243pp.446-449
correlation. PP

The problems with the percent agreement approach are a lack of a
standardized range for interpretation and no correction for chance agreements.**> The
correlation approach is also problematic: it only indicates the degree of association for
paired scores, not agreement. The covariance of paired ratings may be very different than
actual agreement if systematic error is present.258 The third and recommended approach
is the use of Cohen’s Kappa statistic:****** Kappa is interpreted as an intraclass
correlation coefficient and represents the proportion of agreement among raters after

chance agreement has been removed.?** Kappa is expressed symbolically as:**

K= Po - Pc
1-Pc

Where Po equals the observed proportion of agreement and Pc is the proportion of
expected agreement based on chance; chance agreement increases as the variability of
observed ratings decreases. Kappa values theoretically range from —1 to +1 but extreme

values are often restricted by reduced variability of the data ******

Positive Kappa values
are interpreted as actual agreement beyond that expected by chance; values
approximating zero indicate chance agreement and values less than zero are interpreted as
agreement that is worse than that expected by chance.**? Landis and Koch have proposed
the following ranges of Kappa coefficients and corresponding strength of agreement

associated with them:2%°

Kappa Statistic Strength of Agreement
<0.00 Poor
0.00-0.20 Slight
0.21-0.40 Fair

0.41-0.60 Moderate
0.61-0.80 Substantial
0.81-1.00 Almost Perfect
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Although the ranges they proposed are arbitrary, they have found acceptance in the

242.254

measurement literature and allow a consistent nomenclature for describing the

strength of agreement associated with Kappa statistics.?® Fleiss has simplified this
descriptive scale in the following manner: values below 0.40 to represent poor
agreement; values between 0.40 and 0.75 represent fair to good agreement beyond
chance, and values greater than .075 represent excellent agreement beyond chance
Some extended uses of Kappa include: allowance for more than two raters, different

raters for each subject, and allowance for missing data.'*’

Two models of reliability have been described for interval and ratio scaled data.?*’ Both
models reflect the ratio of the variance of interest over the sum of the variance of interest
plus error as previously described and produce a reliability statistic called an intraclass
correlation coefficient (ICC), which is designated by the symbol R. The ICC provides a
meaningful index of how dependably a measure maps onto or is correlated with the

underlying characteristic being assessed.***

An ICC is directly interpretable as a
proportion of explained variance and describes the ability of a measure to differentiate
between subjects.”® The first model of reliability considered is the classic or
psychometric theory of reliability in which every test score is considered to be composed
of two parts: true score and error score. The error score is comprised of true random
error and error from other sources. The psychometric theory of reliability treats all
sources of error the same and makes no distinction between them. Alternatively, the
generalizability theory of reliability encompasses a second model of reliability that
allows the error score to be partitioned in to several sources of variability termed
“facets”.”** A random effects ANOVA is utilized to partition the total variation in scores
into separate components corresponding to the variables in the design. In this manner,
error sources that exert a systematic influence can be estimated and separated from their
error component.”>* All reliability estimates for interval and ordinal level measures in
this study will be based on the generalizability theory of reliabilty. Similar to Landis and
Koch and Fleiss, Portney and Watkins have described the following ranges of ICC and

the strength of agreement associated with them: R <.75= Poor to Moderate; R .75 - .90=
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Good; and R > 90= Excellent. For most clinical measurements R should exceed

A measure that is highly reliable does not necessarily mean it is of value when applied to
individual patients. In addition to acceptable reliability, the accuracy or precision of a
measure is important. Accuracy or precision are synonymous terms related to reliability
and refer to the variability of one person’s score over measurement occasions.***
Precision may be expressed as the standard error of measure (SEM) and is depicted
symbolically as SEM = SDx (1-R)'2, where SDx is the standard deviation of the measure
of interest and R is the ICC, or reliability coefficient, of the measure of interest.”**
Estimates of both precision and reliability are important. Indeed, low reliability may be
of little concern if the index of variability suggests the inconsistency of measurements
occur in a relatively small range. Measurement methods should provide data that are

both sufficiently reliable and precise.?®!

Reliability coefficients have been reported for only a few of the clinical examination
procedures in this study. Therefore, estimates of reliability were obtained for all clinical
examination procedures assessed by this study. The reliability coefficients for all clinical
examination measures, with the exception of cervical range-of-motion and wrist ratio,
were reported as a Kappa statistic. Kappa was also reported for ordered responses such
as the CCT, Phalens test, the ULTT’s, and selected questions of history in addition to
Kappa for collapsed categories (i.e. dichotomy). The qualitative interpretation for Kappa
described by Fleiss et. al. was used in this study. Measures with Kappa values above .75
were considered excellent or exceptionally reliable; those with Kappa values between
0.40 and 0.75 were considered to have fair to good reliability; and those below 0.40 were
considered poor and unreliable.*** The reliability coefficient for cervical range-of-motion
and the wrist ratio was reported as an ICC (2,1) statistic along with the corresponding
SEM for both measures.”? The reliability of cervical range-of-motion and wrist ratio
measurements were considered excellent and well suited for clinical use if an ICC of .90

. . 243p.514
is achieved.”™?
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Point estimates of the reliability coefficient were used to decide whether to accept or
reject research hypotheses of reliability. However, the confidence interval method was
used to determine whether the point estimate of a reliability coefficient was a definitive
finding. A definitive finding is considered to be a finding or value which would within a
given range 95% of the time with repeated sampling.**’® %2~ ** Nintey-five percent CI’s
were computed for all reliability coefficients. When the lower bound of the 95CI for a
given variable was equal to or above the upper limit of the hypothesized level of
reliability for that vaniable, then the point estimate for that level of reliability was
considered to be definitive. When the upper bound of the 95CI for a given variable was
equal to or below the lower limit of the hypothesized level of reliability for that variable,

then the point estimate for that level of reliability was also considered definitive.

4.3.2 Hypothesis #2 - Diagnostic Accuracy

The second hypothesis to be tested relates to the diagnostic properties of the clinical
examination items and patient self-report instruments. The test items and condition they

are intended to diagnose or evaluate are listed on the following page.

Cervical Radiculopathy Carpal Tunnel Syndrome
Questions Questions:
1.- “Most bothersome symptoms..” 1.- “Most bothersome symptoms..”
2.- “Where most bothersome..” 2.- “Where most bothersome..”
3.- “Symptom behavior..” 3.- “Symptom behavior..”
6.- “Entire limb numb..” 4 - “Hand fat/swollen..”
7.- “Symptoms keep from sleep..” 5.- “Fumbling/dropping..”
9..- “Neck movement improves..” 6.- “Entire limb numb..”

8.- “Night symptoms wake..”
10.- “Hand shaking improves..”
11.- “Worse with hand use..”

Neurologic exam: sensory (dermatomes),
motor, and reflexes

Measures: ROM (flexion, extension,

. N logic exam: d (dermatomes and
sidebending, and rotation) curciogic ex sensory and (derm

median distribution), motor

Provocation tests: Spurling’s A & B,
Distraction, Shoulder abduction, Valsalva,
ULTTA&B

Measures: Wrist ratio

Provocation tests: ULTT A & B, Tinel’s A & B,

Phalen’s, CCT
HSAM/Self-report Instruments; NDI, alen s,

10cm VAS, FABQ

HSAM/Self-report Instruments: SSS & FSS,
Hand diagram, 10cm VAS, FABQ
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The diagnostic properties of a single cluster of test items (test item cluster (TIC))
identified by logistic regression as being the best predictor of each respective condition
was also evaluated. Additional variables of age and duration of symptoms were included

in this analysis

Sensitivity and Specificity: Two-by-two contingency tables were used to calculate Sn

and Sp for each test item relative to their respective condition, either CR or CTS, for the
total sample. Ninety-five percent confidence intervals were also calculated for all Sn and
Sp values. In this study, the presence of each condition as determined by EMG/NCS
findings constituted the gold standard to which the positive and negative findings of each
test item were compared. For example, all patients classified as CTS were considered to
have the condition present and the remaind;ar of patients the condition was considered
absent. Because diagnostic tests may have different sensitivities or specificities in
different parts of the clinical spectrum of the disease they purport to identify or exclude,™
Sn and Sp were also be calculated for sub'groups of patients in both conditions based on
severity of EMG/NCS findings. Patients classified as mild or moderate CR or CTS
formed one subgroup within each respective condition. Patients classified with
pronounced or severe CTS and patients classified as severe CR formed the other
subgroup. Subgroup calculations were only be performed if the prevalence of condition
was 10% or greater for a given subgroup.2****! Sensitivity and specificity calculations

have been previously described in section 2.2.3.

To avoid confounding, all patients determined to have both CR and CTS were excluded
from the diagnostic accuracy analysis and were reported as a percentage or frequency
statistic of the total sample. The concomitant presence of both conditions has been
described in the literature and is often referred to as the “double-crush”

phenomenon. '#%*%%% Based on previous reports, the percentage of patients in this

study expected to have CR and CTS concomitantly is approximately 3-5%.202%

Receiver Operating Characteristic (ROC) Curve: In order to identify the most

appropriate cut-off value for continuous or multi-level response variables, the Sn and Sp
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values for each level of response were plotted as a ROC curve. The ROC curve plots
sensitivity (true positive ratio) against 1 — specificity (false positive ratio) for the criterion

265

defining a positive test.™ An ROC curve is simply a graph of the pairs of true positive

rates and false positive rates that correspond to each possible cutoff value for the

24pp.11

diagnostic test result. 7 The area may range from .5 (no diagnostic ability) to 1.0

(perfect diagnostic ability) as the ROC curve moves towards the top left-hand corner of

the graph;*®®

the area under a ROC curve represents the diagnostic ability of the test.
Receiver operating characteristic curves were constructed for the following variables:

| Cervical range-of-motion, wrist ratio, and all patient self-report measures. The value

closest to the upper left-hand corner of the graph minimizes the occurrence of false

positive and false negatives when the prevalence rate is around 50%.24P!1¢

Likelihood ratios (LR+ & LR-) were calculated for each test item in the manner

previously described in section 2.2.3 along with their associated 95CIL.

TIC Cluster: Clinical diagnosis rarely resides in a single finding, but more often in the
pattern of findings.”” Therefore, using a combination of tests as a single TIC may
increase the diagnostic value of the tests.'**"*! Because each component of the clinical
examination can be considered a separate test, one must choose how to incorporate the
numerous results.”> One method of combining various items of the clinical examination
is the use of LR’s to sequentially modify posterior probability of the presence or absence
of a target disorder and was illustrated in the example in section 2.2.3. However, this
serial multiplication of LR’s assumes that the tests are conditionally independent. 2%
Conditional independence means the result of one test is not affected by the outcome of
any of the other tests performed.” If the assumption of test independence is violated,

. : .. 268,24pp136-139
diagnostic accuracy can be degraded and result in inaccurate assessments, 282413613

The method described by Holleman and Simel was used to identify the most accurate
TIC’s: one TIC for the diagnosis of CR and another for the diagnosis CTS. To reduce the
number of variables, LR’s for test items with a 95%CI that included .60 to 1.4 were be

excluded from further consideration; LR values of one or close to one are indeterminate
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and therefore are not considered useful ¥ Remaining variables were then entered using a
backward stepwise procedure into a binary logistic regression model (condition present
or absent). Variables selected by the regression model as most predictive of the condition
of interest were combined or clustered into a TIC and treated as a single test item. The
sensitivity, specificity, and LR’s for the TIC was computed as previously described.
Although the vanables identified by this method may still be interdependent to some
degree, Holleman and Simel reported no difference in prediction ability between this
method and a more complex procedure that forced conformity with the independence

.23
assumption.

In this study, point estimates and 95% CI’s for the Sn, Sp, likelihood ratios (LR+, LR-),
were computed for each clinical examinatior-l item, patient self report measure, and TIC.
The diagnostic accuracy values of individual clinical examination variables were
considered acceptable for their respective condition when any of the following occured:

1. Either Sn or Sp is equal to or greater than .70; 2. A LR+ equal or greater than 2.0; and
3. A LR- equal to or less than .50. When test Sn and Sp values both equal or exceed .70,
LR+ and LR- values will exceed 2.3 and be below .43, respectively. Based on the
estimated prevalence or pretest probability of CR and CTS in this sample, LR+ values

>2.0 and LR- values <.5 will result in posttest probability changes of at least 15%.

The guidelines listed in the preceding paragraph were used to accept or reject the
previously specified hypothesis of diagnostic accuracy for an individual clinical
examination variable as well as determine whether a diagnostic accuracy value is

considered defninitve.

4.3 3 Hypothesis #3 - Test Predictive Validity

The third hypothesis to be tested relates to the predictive validity of the clinical
examination items and patient self-report instruments. In addition, the FABQ score and
the following EMG/NCYV variables were also included as predictor variables: sensory and

motor nerve conduction latency; sensory and motor amplitudes; and presence of
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spontaneous activity in the abductor pollicus brevis. The diagnostic properties of a single

TIC identified by logistic regression as being the best predictor of patient outcome was

also evaluated.

Although current gold standards tend to be defined in terms of pathologic anatomy,
clinical course and prognosis of patients are increasingly used as gold standards **P*!
Predictive validity for each test item and a single TIC were reported as Sn, Sp, and LR’s.
In this study, the following analyses were performed for both the CR group and the CTS

group to establish the predictive validity of the pertinent test items.

For the first analysis, type of intervention, defined as surgical or non-surgical, served as
the gold standard. Patients who received surgery were considered positive and those
treated non-surgically were considered negative. If the prevalence of surgery for either
condition is less than 10%, an analysis of predictive validity using type of intervention
was not be performed for that condition. The ability of a test to produce a meaningful
change in posttest probability for a condition is severely diminished when prevalence of

the condition is at either extreme %P1

For the second analysis, patient outcome defined by patient improvement using a GRCS
was the gold standard. The criteria recommended by Jaeschke et. al. was used to
determine subject improvement: subjects scoring between —5 and +3 (“somewhat worse”
and “somewhat better”, respectively) were considered unimproved (stable, no meaningful
change in condition) or to have deteriorated. Subjects scoring greater than +3
(“moderately better” to “a very great deal better”) were considered improved or to have
undergone clinically meaningful change. Patients who were unimproved or worsened
were considered negative and those who are improved were considered positive. Two
separate analyses of patient improvement were performed, one for non-surgically treated
subjects and another or surgically treated subjects. The patient improvement analysis of
surgically treated subjects was not be performed if surgery prevalence for either condition

was less than 25 subjects or less than 10%.
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For the third analysis, patient outcome defined by worsened patient condition using a
GRCS served as the gold standard. The criteria recommended by Jaeschke et. al. was
used to determine subject improvement: subjects scoring between -5 and +3 (“somewhat
worse” and “somewhat better”, respectively) were considered unimproved (stable, no
meaningful change in condition). Subjects scoring less than -5 (“moderately worse” to “a
very great deal worse”) were considered worsened or to have undergone clinically
meaningful change. Patients who are worsened were considered positive and those who
are unchanged or improved were considered negative. Two separate analyses of
worsened patient condition were performed, one for non-surgically treated subjects and
another or surgically treated subjects. The patient improvement analysis of surgically
treated subjects was be performed if surgery prevalence for either condition was less than

25 subjects or less than 10%.

Two-by-two contingency tables for Sn and Sp, ROC curves, Likelihood ratios (LR+;
LR-), and identification of a single test item cluster were computed in the manner
previously described for hypothesis #2. The same criteria used for hypothesis #2 was
used to accept or reject the previously specified hypothesis of predivitive validity for an
individual clinical examination variable or the TIC and to determine which variables

were to be considered definitive.

All statistical test procedures were computed using Microsoft Excel and the SPSS

statistical software packages.

5.0 SAMPLE SIZE ESTIMATION

Because this study is descriptive in nature, a sample size estimate derived from power
calculations based on group differences is not possible. Instead, sample size was based
on the ability of this study to detect the following: 1. An ICC of .90 that is significantly

greater than .75 at an alpha level of .05 and beta level of .20 for a one-tailed test (i.e.

243p.514

power is greater than .80), 2. A Kappa coefficient of .60 that is significantly

greater than .40 at an alpha level of .05 and beta level of .20 for a one-tailed test with a

242

base chance-agreement rate of .50 (i.e. power is greater than .80);"" and 3. A test
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sensitivity or specificity of .80 whose 95%CI has a minimum lower bound that exceeds
.68. Forty subjects (20 of each condition) from each of the following facilities will be
required for this study (160 total subjects): The National Naval Medical Center
(NNMC), Bethesda, MD; Wilford Hall USAF Medical Center (WHMC), San Antonio,

. TX; and the Air Force Academy Hospital (AFAH), Colorado Springs, CO The procedure

described by Kraemer and Thiemann and implemented by the EX-SAMPLE statistical

computer package indicates that this sample size is more than adequate to establish the

specified reliability coefficients for each facility.2*

Based on the estimated prevalence rates for each condition in this study, a sample size of
160 is the minimum for which the lower bound of the 95% confidence interval for a true

sensitivity or specificity of .80 would exceed .68.”

6.0 RESULTS

6.1 Study Sample and Diagnostic classification

A total of 81 patients from the following three participating medical centers met
eligibility criteria and were enrolled in the study: Wilford Hall Medical Center (n= 68),
EMG laboratories of both Montefiore and Presbyterian University Hospital (n= 11), and
Brooke Army Medical Center (BAMC) (n=2). Two of the original participating centers,
the National Naval Medical Center and the United States Air Force Academy Hospital,
eliminated themselves during the course of the study due to subject enroliment
difficulties. One additional facility, BAMC, participated in subject enrollment after the
study commenced. Due to limited subject enrollment at all facilities, the original study
entry criteria for duration of symptoms was eliminated and duration of symptoms was
recorded for all subjects. The Institutional Review Board of all participating facilities
approved all changes to the study protocol. All consecutive patients referred to the EMG
lab with suspected CR, CTS, or with other suspected diagnosis but had symptoms
compatible with CR or CTS were informed about the study by EMG lab personnel.
Interested subjects were asked to fill out a screening form to determine eligibility

(appendix A). Interested and eligible subjects were given further information about the
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study, then read and signed an informed consent document approved by the respective

facility Institutional Review Board.

The frequency of conditions suspected by the referring provider is compared with the
conditions suspected by the EMG/NCS provider in Table 6; the EMG/NCS provider
suspected condition was not available for 5 subjects. Although the same number of
subjects were suspected by the referring providers to have CR, there was not always
concordance between the two providers. The referring provider suspected CTS in three
subjects diagnosed with CR while the EMG/NCS provider suspected CR, normal, and
both conditions for these same individuals. None of the subjects who participated in this

study were receiving workman’s compensation or had pending litigation for their

condition.

Table 6. Condition suspected by providers

Referring Provider Electromyography

Provider
Condition Frequency
Radiculopathy 29 29
CTS 42 31
Both 5 7
Other 5 9
Total Available 81 76

Seven different EMG/NCS providers performed the nerve conduction studies, needle
electromyography procedures, and subsequent diagnostic classification of subjects. At
one center, three different evoked potential technicians performed nerve conduction
procedures only. The qualifications of the EMG/NCS providers and evoked potential
technicians are listed in Table 7. All EMG/NCS diagnostic classifications made by non-
physician EMG/NCS providers were revieWed and approved by the supervising
EMG/NCS lab physician who is board certified by the American Academy of
Electrodiagnostic Medicine (AAEM). There were no disagreements between the non-
physician EMG/NCS providers and supervising EMG/NCS lab physicians regarding

diagnostic classification of subjects.
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Table 7. Qualifications of personnel performing electrophysiologic testing

Facility and Provider Years EMG/NCS Board Number of studies
Number, and Role Experience Certification performed
University of Pittsburgh
1. EMG 5 Yes: AAEM 4
2. EMG 7 Yes: AAEM 2
3. EMG 2 Yes: AAEM 3
4. EMG 6 Yes: AAEM 1
5. EMG 4 Yes: AAEM 1
6. NCS. 15 Yes: AAEM 6
7. NCS 5 Yes: AAEM 4
8. NCS 2 Yes: AAEM "1
Wilford Hall Medical
Center
1. EMG/NCS 10 Yes: ABPTS ECS 49
2. EMG/NCS 17 Yes: ABPTS ECS 19
Brooke Army Medical -
Cetner
1. EMG/NCS : 17 Yes: ABPTS ECS 2

AAEM: American Academy of Electrodiagnostic Medicine
ABPTS ECS: American Board of Physical Therapy Speciaities, Electrophysiologic Certified
Specialist

Forty-one females (mean age= 44.9yrs, sd= 12.5 range= 24 —70) and 40 males (mean
age= 45.0yrs, sd=11.4, range= 21 — 68) participated in this study. Once enrolled in the
study, subjects completed all self-report instruments and received a standardized
EMG/NCS examination. Following the standardized EMG/NCS examination, subjects
were assigned to the following diagnostic categories based on the results of the
EMG/NCS examination and the assessmeﬁﬂirnpression of the EMG/NCS provider: 1.
Normal (n= 31), 2. Unilateral CTS (n= 16), 3. Bilateral CTS (n= 15), 4. CTS with ulnar
neuropathy (n= 1), 5. Cervical radiculopathy (n= 13), 6. Cervical radiculopathy with
CTS (n=3), 7. Other (n=2).




The subjects age, duration of symptoms, and several nerve conduction study parameters

of the median nerve are compared in Tables 8 and 9 by diagnostic category and gender.

Table 8. Descriptive statistics of subjects age and duration of symptoms.

Variable |
EMG/NCS _ Mean
based Dx | C¢nder N Age=years o iion

Symptoms= days
Normal| Female 17 Age 39.29 24.00 61.00 12.14
Symptoms 123.5 31.00 5415.00

Minimum Maximum Sd Dev.

Male 14 Age 38.78 21.00 68.00 10.94
Symptoms 184.5 21.00 7220.00

Unilateral CTS| Female 10 Age 51.90 31.00 70.00 12.97
Symptoms 352 21.00 1460.00

Male 6 Age 38.00 28.00 49.00 7.89
Symptoms 365 56.00 1277.00

Bilateral CTS|{ Female 9 Age 44.77 28.00 61.00 11.53
Symptoms 250 31.00 5475.00

Male 6 Age 47.16 36.00 60.00 10.00
Symptoms 61 21.00 365.00
CTS w/ Ulnar Female 1 Age 43.00 43.00 43.00

neuropathy

Symptoms 30.00 30.00 30.00

Radiculopathy| Female 2 Age 56.50 55.00 58.00 2.12
Symptoms 42.00 42.00 42.00
Male 11 Age 50.90 39.00 61.00 7.68
Symptoms 69.5 42.00 1095.00
Radiculopathy Female 1 Age 52.00 52.00 52.00
w/CTS
Symptoms
Male 2 Age 62.00 60.00 64.00 2.82
Symptoms 31.50 21.00 42.00
Other|] Female 1 Age 46.00 46.00 46.00

Symptoms 87.00 87.00 87.00

Male 1 Age 62.00 62.00 62.00
Symptoms  551.00 551.00 551.00

89
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Table 9. Descriptive statistics of subjects median nerve conduction study test resuits.

EMG/NCS Median Nerve . . Std.
based Dx Parameters* N Mean Minimum Maximum Deviation
Normal involved palmar 31 1.89 1.60 2.20 A5
latency
Involved motor 31 3.62 2.90 4.30 41
latency
Involved palmar 31 81.09 40.00 140.00 25.80
amplitude
Involved motor 31 10229.35 5000.00 18650.00 3139.99
amplitude
Distal-proximal ratio 27 .18 .60 .90 10
Unilateral CTS Involved palmar 16 3.28 1.80 10.00 2.65
latency
Involved motor 16 495 3.30 14.90 2.78
latency '
Involved palmar 16 62.62 .00 183.00 46.34
amplitude
Involved motor 16  7106.25 100.00 10770.00 2937.15
amplitude
Distal-proximal ratio 12 .99 .60 1.50 23
Bilateral CTS involved palmar 15 3.68 2.30 10.00 2.59
latency
involved motor 15 4.79 4.00 6.40 a7
latency
involved palmar 15 46.53 .00 114.00 33.63
amplitude
involved motor 15 8446.00 4900.00 13300.00 2522.23
amplitude
Distal-proximal ratio 11 1.21 1.00 1.60 .21
CTS w/ Ulnar involved palmar 1 2.30
" neuropathy latency
Involved motor 1 3.20
latency
Involved paimar 1 42.00
amplitude
Involved motor 1 10000.00
amplitude
Distal-proximal ratio 1 1.30 1.30 1.30
Radiculopathy Iinvolved palmar 13 1.99 1.80 2.20 16
latency
Involved motor 13 3.73 3.20 4.20 .35
latency
involved palmar 13 72.92 40.00 160.00 41.46
amplitude
Involved motor 13 10495.38 5780.00 18240.00 3654.60
amplitude
Distal-proximal ratio 13 .76 .90 10

.60




91

Table 9 (cont'd)

Radiculopathy Involved palmar 3 3.03 2.80 3.20 .2082
w/CTS latency
Involved motor 3 4.46 4.40 4.50 5.77
latency
Involved paimar 3 43.66 38.00 52.00 7.3711
amplitude :
Involved motor 3 10500.00 8490.00 12000.00  1809.7237
amplitude
Distal-proximal ratio 1 1.30
Other involved palmar 2 6.25 2.50 10.00 .01
latency
Involved motor 2 6.55 4.80 8.30 . 2.47
latency
Involved palmar 2 18.00 .00 36.00 25.45
amplitude
involved motor 2 7230.00 4720.00 9740.00 3549.67
amplitude
Distal-proximal ratio 2 .70 .00 1.40 .98

*L_atency in milliseconds and amplitudes in microvoits.

Thirteen subjects (16%) were classified with CR, the left extremity was involved in nine
subjects and the right in three. These CR subjects were suspected by the EMG provider
to have the following conditions prior to the EMG/NCS examination: CR= 10, CTS=1,
both conditions= 1, other= 1. The following conditions were suspected for these same 13
subjects by the provider who referred the patient to the EMG lab: CR=9, CTS=4. The
13 subjects diagnosed with CR and 31 subjects diagnosed with CTS were further
subclassified based on the severity of EMG/NCS findings. For the 13 CR subjects, nine
were subclassified as mild and four as moderate. The frequency of needle EMG findings
for muscles tested in the standardized exam are listed in Table 10. Needle EMG testing
of muscles other than those specified in the standardized EMG/NCS exam was permitted
when thought indicated by the EMG/NCS provider. The additional muscles sampled,
along with frequency and findings, and are listed in Table 11. In only one instance did
additional muscle testing yield abnormal findings (brachioradialis) when the results from

the previously tested standardized muscles was normal, Two subjects were unable to



92

tolerate EMG sampling of the middle cervical paraspinal muscles and one subject was
unable to tolerate EMG sampling of the lower cervical paraspinal muscles. Because the
flexor carpi radialis H-reflex was technically unobtainable in 42% of the subjects, it was
eliminated as part of the diagnostic criteria for CR. The diagnostic report for all 13
subjects indicated involvement of the C6 or C7 root, possible involvement of the C8 root

in 1 subject, and C5 root in two subjects.

Thirty-one subjects were classified as CTS, the left extremity was involved in 11 subjects
and the right in 20. These CTS subjects were suspected by the EMG provider to have the
following conditions prior to the EMG/NCS examination: CTS= 19, CR= 4, both= 3, and
other=3; ratings for two subjects were missing. The following conditions were <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>